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THE INFLUENCE OF SUNFLOWER SILAGE UPON 
MILK PRODUCTION 


C. L. COLE anp R. L. DONOVAN 
North Central Experiment Station, Grand Rapids 
AND NAT N. ALLEN 
Division of Dairy Husbandry, University of Minnesota, St. Paul 


INTRODUCTION 


Most recommendations for winter feeding of dairy cows have stressed 
the importance of providing succulence. This recommendation can be fol- 
lowed without difficulty in the corn belt where heavy yields of ensilage are 
secured from corn. In regions which are not well adapted to raising corn, 
however, many difficulties are encountered in providing succulence in the 
winter ration. Such a problem is faced by the farmers of the northern 
half of Minnesota where, in many cases, the dairy cattle represent the prin- 
cipel source of cash income. Climatic conditions are such that corn returns 
poor yields of silage, usually of rather poor quality due to its immature 
condition. 

Root crops return large yields per acre, but require a great deal of hand 
labor and for this reason are not very practical for the larger herds. In 
addition, the cost of a root cellar is almost as great as that of a silo. The 
roots are not as convenient to feed, and spoilage is usually great. Sun- 
flowers have been resorted to as a silage crop in this area but in general have 
not proven popular. 

In most of this region, alfalfa is a reasonably dependable crop and gives 
good yields of hay of fine quality. Other legumes such as alsike and sweet 
clover are grown with good success in many sections. 

In this section of Minnesota, as well as in many other regions of similar 
climate, silage is provided, not because it is an economical source of nu- 
trients, but because the succulence which it provides is considered necessary. 
White and Johnson (3) in discussing the literature upon the question of the 
importance of suceulence in the ration state, ‘‘The number of experimental 
trials on record in which a ration of grain and dry roughage has been com- 
pared with a.ration containing a succulent feed is surprisingly limited. In 

Received for publication December 4, 1936. 


Paper No. 1465 of the Scientific Journal Series, Minnesota Agricultural Experiment 
Station. 


291 


> 
| 
| 
| 
} = 


222 Cc. L. COLE, R. L. DONOVAN AND NAT. N. ALLEN 


those trials that have been reporied from American experiment stations, 
moreover, it is found that the evidence is not overwhelmingly in favor of a 
succulent feed so far as milk yield is concerned. It is evident, therefore, 
that the preponderance of opinion favoring succulent feeds must be due to 
practical observations, in part, and to the influence of enthusiastic ad- 
voeates of a system of feeding in which the great forage producing cereal, 
corn, is the keystone of the roughage elements of the ration.’’ 

The last sentence of their statement seems to fit particularly well the 
case of northern Minnesota, which lies just out of the corn belt. Feeding 
practices found successful in the corn belt area of southern Minnesota may 
be recommended in the northern part of the state without proper regard 
for the difference in climatic and other conditions. 

This experiment was undertaken with the view of determining whether 
sufficiently greater returns are secured with the feeding of a succulent feed 
in the form of sunflower silage to justify the expense necessary to provide 
it under northern Minnesota conditions. 


PLAN OF EXPERIMENT 


This work was carried out at the North Central Experiment Station at 
Grand Rapids, Minnesota. This station is located in the cut-over region, 
where climatic and soil conditions are typical of a considerable area of 
northern Minnesota. 

Sunflower silage was used because it is in general use in this region and 
usually returns considerably greater yields per acre than corn. 

The cows were all purebred or high grade Guernseys. Fourteen cows 
calving in the fall were divided into two groups of seven each, as nearly alike 
as possible in age, breeding, date of freshening, size, and milking ability as 
judged by previous records. All of the animals had previously calved at 
least twice with the exception of two in each group. 

The experiment was continued through two entire lactation periods. 
During the first lactation the cows of Group 2 during the months of stall 
feeding received three pounds of sunflower silage per 100 pounds of live- 
weight, together with all of the alfalfa hay they would clean up readily. 
The cows of Group 1 were given all of the alfalfa hay they could clean up, 
but received no silage. During the second lactation the two groups were 
reversed, the cows of Group 1 receiving sunflower silage and alfalfa hay as 
roughage, while the cows of Group 2 received alfalfa hay but no silage. 

All of the cows were given a grain mixture of equal parts of barley, oats, 
and standard wheat middlings, with one per cent salt and two per cent 
bone-meal added. The grain was fed in amounts sufficient to maintain 
milk production and to keep the weight of the cow as nearly constant as 
possible with due allowance for advancing pregnancy and for normal 
growth in the immature animals. The protein content of this grain mix- 
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ture was found adequate for the requirements of the cows of either group, 
as the alfalfa hay supplied a considerable amount of protein. 

During the pasture season no silage was fed to either group. Cows pro- 
ducing less than 10 pounds of milk daily received no grain while on pasture. 
Cows producing 10 to 15 pounds of milk received 3 pounds of grain daily, 
and for each 5 pounds of daily milk production above this amount 2 addi- 
tional pounds of grain were fed. When the pasture became inadequate to 
supply sufficient bulk, it was supplemented with alfalfa hay in addition to 
the grain. 

Each cow was started on experiment immediately after calving and 
gotten on full grain feed as soon as was considered practical. The experi- 
mental records were started on the sixth day after calving, counting the 
day of freshening as the first day. The production and feed records were 
computed for the following 300 days of the lactation period of each cow, 
and these data were used in comparing the results with and without silage 
in the ration. 

A third group of five cows freshening during the spring and early sum- 
mer months was included in order to secure observations under conditions 
of spring freshening. They were handled in a manner similar to the fall 
freshening cows, all five of them receiving alfalfa and silage during the first 
lactation, and alfalfa hay but no silage during the second. 

Hay samples were taken monthly and preserved until the end of the lac- 
tation period when a composite sample was analyzed. A ten pound sample 
of silage was taken each month, dried to air dry condition, and a composite 
sample of the air dry material was analyzed at the end of the lactation 
period. Similar practices were followed for the concentrates used in the 
grain mixture, samples being taken each time a fresh lot of feed was mixed. 

The average digestibility for each feed as given by Henry and Morrison 
(1) was used in estimating the amount of digestibile nutrients received by 
the cows. 

The sunflowers were grown on the University Experimental Farm at 
Grand Rapids. The silage was of good quality and free from mold or 
spoilage. 

The alfalfa hay was of excellent quality, largely second cutting, which 
would have graded U. 8. No. 1. Part of it was grown on the University 
Experimental Farm, while the rest was purchased locally. 

Daily milk weights were recorded, and aliquot parts were taken from 
each milking for individual composite samples which were tested for butter- 
fat by the Babeock method at ten day intervals. 

Each cow was weighed on the first, second, and third days of every 
month and the average computed. They were also weighed in a similar 
manner when first turned out to pasture. As far as possible, the cows 
were maintained at uniform weight from month to month, allowing for 
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average gains with the advance of gestation and for normal growth of the 
immature animals. 

The cows were bred to freshen approximately 12 months after their 
previous calving. No grain was fed during the dry period except to cows 
whose weight was below the weight at freshening time of the preceding lac- 
tation. 

During the pasture season, all of the cattle were kept in the same per- 
manent pasture night and day except at milking time. The grass was 
largely native blue grass. . 

All of the cows were turned out for a short time daily during the winter 
months unless the weather was stormy or extremely cold, but were never 
left out long enough to become chilled. Drinking cups were available for 
each cow, and a supply of salt was before them at all times. 

They were milked twice daily at regular intervals and were groomed 
daily, the same attendants caring for them throughout the entire experi- 
ment. 

In general, feeding and management conditions were made to conform 
closely to ordinary farm practices on the better dairy farms of this region. 


OBSERVATION AND RESULTS 


The first of the fall freshening cows calved September 17, 1931, and 
the last December 6, 1931. 

It was found that the cows of both groups consumed much greater 
quantities of hay than had been expected. When the amount of hay was 
reduced, the cows would eat the oat straw which was used for bedding. 

One cow from Group 1 contracted pneumonia and died during the 
second year of the experiment. Another cow in the spring freshening 
group was lost because of a bad case of lump jaw. The remaining cows 
were in good health and good physical condition and were carried through 
the entire experiment without any disturbances which might have seriously 
influenced the final results. 

The results of this experiment with the cows freshening in the fall are 
summarized in Table 1 and Table 2. 

It was observed that the production of the cows in both groups was 
somewhat lower during the second year of the experiment. The only ap- 
parent reason for this difference is the fact that pasture was much better 
during the first year of the experiment. During the summer of 1932, rain- 
fall was adequate for good pasture growth and it was necessary to supple- 
ment the pasture only with grain. During the summer of 1933, which fell 
during the second lactation period of the experiment, rainfall was very 
inadequate and pasture was poor throughout the season. An average of 
970 pounds of alfalfa hay per cow was fed duirng the pasture season of 
1933, in addition to the grain supplement. Both groups behaved similarly, 
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however, and when the results of the experiment were summarized it was 
observed that the average production of all of the cows was almost identical 
for the lactation period when silage was fed and the lactation period when 
it was not fed. Total milk production averaged 73 pounds per cow greater 
when silage was fed, but total butterfat production was 0.9 pound less. 
Such close agreement between the yields of two successive lactations could 
hardly be expected, even if treatment were identical, and certainly these 
results give no indication that the feeding of a succulent feed in the form 
of sunflower silage influenced the production of the cows in any way. An 
average of 17 pounds more of digestible nutrients per cow was fed during 
the lactation period when the ration included no silage and the dry matter 
consumption was 133 pounds per cow greater. The protein intake was 96 
pounds per cow greater due to the fact that alfalfa was fed in greater 
amounts. The average live weight was 17 pounds greater during the silage 
feeding period and the cows carried their calves 10 days longer, but they 
averaged 8 days longer on pasture. It would probably be safe to say that 
the difference in intake of dry matter and of digestible nutrients is not sig- 
nificant. No difference in health, appetite, or general condition was 
observed to be associated with silage feeding. 

The results with the 4 cows completing the experiment in the spring 
freshening group are shown in Table 3. In view of the results with the 
fall freshening groups it seems probable that the greater milk yield during 
the first lactation was due entirely to the more favorable pasture season 
rather than to the feeding of silage. This group was probably more 
seriously affected than the fall freshening groups, since the poor pasture 
conditions reduced milk flow during the stage of lactation when production 
is normally at its peak. 


DISCUSSION 


The results of this experiment give no evidence of any appreciable effect, 
either favorable or unfavorable, of sunflower silage other than that due to 
the digestible nutrients which it contains. If this is the case, the question 
becomes largely a problem of farm management and one which will be de- 
termined largely by local conditions. Under the conditions of this experi- 
ment, 5519 pounds of silage and 157 pounds of grain apparently served 
the same purpose as 1756 pounds of alfalfa. Using prevailing local prices 
for alfalfa hay and for the constituents of the grain mix, the sunflower 
silage had a cash value at that time of about $2.25 per ton on the basis of 
the hay which it replaced. 

Pond and Crickman (2) give the standard requirement for producing 
1 acre of sunflower silage in Northeastern Minnesota as 30.1 man hours and 
55.2 horse hours with a yield of 8 tons. An acre of alfalfa was found to 
require 12.2 man hours and 17.4 horse hours with a yield of 2.5 tons. 
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Using the figures obtained from the analysis of the sunflower silage and 
alfalfa hay used in our experiment, an acre of alfalfa yielding 2.5 tons 
would contain 498 pounds of digestible crude protein and 2599 pounds of 
total digestible nutrients. An acre of sunflowers producing 8 tons of silage 
would yield 206 pounds of digestible crude protein and 2118 pounds of total 
digestible nutrients. Requiring less than one half the labor, alfalfa yields 
a greater quantity of nutrients per acre and more than twice as much pro- 
tein. Another very important factor is the expense of erecting and main- 
taining the silo and the expensive equipment required for filling. This is 
particularly important in the region where this investigation was carried 
out, since the small cultivated fields are not adapted to use of power equip- 
ment and the low cash income often makes purchase of expensive equipment 
prohibitive. In addition, the fertility of the soil is conserved to much better 
advantage when alfalfa or other legumes are grown than if sunflowers are 
grown as a silage crop. 

In view of these facts, it seems that the importance of growing legume 
hay for dairy cows should be stressed in any region where legumes will 
grow successfully and that the use of silos should not be recommended in- 
diseriminately to dairy farmers in regions which are not well adapted to 
growing silage crops, merely on the basis of providing a succulent feed. 

This conclusion is borne out by recent work at the Connecticut (Storrs) 
Station by White and Johnson (3). In view of their findings, however, it 
appears that particular care should be taken to provide a plentiful and ever 
accessible supply of water for the cows even if a succulent feed is fed, and 
particularly if dry roughages are used entirely. 

This should not be interpreted, however, as minimizing the importance 
of the silo for preserving to the best advantage the large quantities of 
roughage produced in the corn belt where the production of silage fits in 
well with the farming program. Undoubtedly the silo will increase in popu- 
larity in regions where weather conditions render field curing of hay very 
uncertain. This is particularly true in view of recent developments in the 
preservation of legume crops in the silo, by use of acid or by addition of 
molasses. There does not appear to be justification, however, for recom- 
mending the use of the silo where it will add materially to the cost of pro- 
ducing milk merely because of the physiological need of the cow for ‘‘suc- 
culence’’ in her winter ration. 


SUMMARY AND CONCLUSIONS 


In a group of 13 cows, no advantage in milk production or in health 
and condition of the cows was found due to inclusion of sunflower silage 
in the ration containing an abundant supply of legume hay and with water 
supplied by means of drinking cups. Succulent feed does not appear to be 
essential for satisfactory production, and it may be inadvisable to attempt 
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to provide succulent feed when conditions are such that it will add materi- 
ally to the cost of milk production. 
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WRAPPERS FOR PROCESSED CHEESE 


HUGH L. TEMPLETON anp H. H. SOMMER 
Department of Dairy Industry, University of Wisconsin, Madison, Wisconsin 


In the preparation of cheese for the processing operation, the rind or 
outer portion of the cheese unit is removed and its place is taken on the 
finished product by a so-called wrapper. The purpose of this material is 
to prevent the access of mold spores to the surface of the cheese, to retard 
the escape of moisture from the cheese and to serve as a container for a 
unit mass of cheese which may be sold as such. In addition the wrapper 
may also serve as an advertising space which if properly used may greatly 
enhance the appearance of the packaged cheese. 

In the selection of a material to be used as a wrapper for processed 
cheese there are a number of factors that must be given consideration, 
namely : 

1. The wrapper must give a uniformly close seal with the cheese mass 
so as to eliminate as far as possible air pockets between the wrapper and 
the cheese. 

2. The wrapper must retain the moisture in the cheese so as to prevent 
drying of the surface and consequent loss of weight. 

3. The edges of the wrapper must cling together to prevent access of 
molds. 

4. The wrapper must not impart any off-flavor or color to the cheese. 

5. The wrapper should not be affected by the cheese mass in any way. 

6. The wrapper should give a pleasing appearance to the cheese unit. 

7. The cost of the wrapper should be as low as possible and at the same 
time the material used should meet all the enumerated requirements. 

Before taking up the discussion of the different materials that have been 
suggested and tried as wrappers for processed cheese, it is desirable to know 
something of the conditions which exist in the cheese mass. The cheese 
comes in contact with the wrapper in a molten condition at pasteurizing 
temperature and the wrapper is then closed about the cheese mass as rapidly 
as possible. Since there is some evidence that too rapid cooling of the 
cheese may result in syneresis, it is customary to allow the wrapped unit 
to coo] rather slowly. Thus there is greater opportunity for interaction 
between the cheese and the wrapper. The cheese mass is somewhat acid in 
reaction depending upon the type of cheese that is used, and in addition it 
contains the salts that have been used to facilitate the melting process. 
While the temperatures involved are relatively low and the total salt con- 
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tent of the water-free cheese mass seldom exceeds 10 to 11 per cent, of which 
6 to 7 per cent represents the salts present in the cheese before the addition 
of the emulsifier, there is ample opportunity for reaction between the cheese 
mass and the wrapper. In connection with the effect of added salts on foil 
corrosion it may be of interest to mention the work of Csiszar (1) on the 
use of preservatives in which he points out that such preservatives as com- 
mon salt, saltpeter and sulfurous acid, when used in amounts sufficient to 
prevent the spore germination of butyric acid-forming bacteria in the 
cheese mass, gave a very marked corrosion of the tin-foil wrapper. As a re- 
sult of the interaction between the foil and the cheese mass, some of the 
former may be found in the surface layer of the cheese and there may be 
microscopic and macroscopic evidence of changes having taken place in 
the wrapper. 

Tin foil has been quite universally used as the wrapping material for 
processed cheese since the beginning of the industry and its cost has been 
a very important item in the production of the finished product. The cost 
of the tin foil has served as a stimulus to investigations on the subject of 
other materials that might be used for processed cheese. There is no record 
available of all the foils and similar materials that have been tried experi- 
mentally, but the cost factor has undoubtedly served to eliminate a number 
of the metal foils. Certain of the cellulose and rubber composition films 
have been suggested as wrappers for processed cheese. Their use has not 
been found very satisfactory since there seems to be a reaction between the 
wrapper and the cheese mass which gives a very peculiar and rather dis- 
agreeable taint to its surface. That this defect is primarily due to heat may 
be inferred from the fact that when cheese is wrapped in a film of this 
nature it is usually necessary to use some heat to bring about the adherence 
of the foil to the cheese. This treatment has resulted in the surface of the 
cheese acquiring the same bitter taint as has been noted with the processed 
cheese. When adherence can be brought about by other means, the degree 
of surface taint has been notably decreased. For this reason the rubber 
and cellulose composition films have not been used in the processed cheese 
industry. 

In the years that tin foil has been used as a wrapper for processed cheese 
it has been the subject of a number of investigations in regard to the defects 
which may appear on or in the foil and the changes which may be imparted 
to the cheese mass. The average commercial tin foil that was used in re- 
ported European investigations contained about 97 per cent tin, about 3 per 
cent antimony, with a trace of lead and slight amounts of iron and copper. 
The antimony and lead were added to the tin for technical reasons to in- 
crease the strength of the tin. The former is generally mentioned by all 
investigators as being closely connected with the most common defect that 
has been noted in the use of tin foil, namely, the darkening of the foil. This 
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defect ranges from a negligible dulling of the surface of the foil to a de- 
cided black coloration which may involve the entire surface of the foil or 
may be localized to a number of spots. Various investigators do not agree 
as to the cause of the darkening, some attributing it to an acid reaction of 
the cheese mass or the use of an acidic emulsifying salt (2), while others 
feel that insufficient acidity causes the foil to darken (3). In connection 
with the latter suggested explanation the idea has been advanced that there 
is a decomposition of the casein with formation of salts of hydrogen sulfide 
(4). Since lead sulfide is black it has been assumed that this is the sub- 
stance noted on the tin foil. However, the amount of lead that is present 
in the tin foil would seem insufficient to account for the intensity of color 
that is often found. 

The explanation for the darkening of the tin foil that seems to be the 
most satisfactory represents a combination of circumstances and effects; 
there is a galvanic cell set up between the tin and the antimony (5) with 
a partial solution of the tin, and the salts formed in combination with 
oxygen give the blackening of the foil. Analyses of processed cheese 
samples that have been wrapped in tin foil show an increase in the tin con- 
tent of the surface layer of the cheese (6). To prevent the solution of the 
tin, some countries, notably England, require that the surface of the foil 
in contact with the cheese be coated with a shellac or other material similar 
to that used for the lacquering of tin cans to prevent interaction between 
the contents of the can and the container. This remedy has proven satis- 
factory for reducing the solubility of the tin in the cheese and at the same 
time the blackening of the foil has been practically eliminated unless the 
protective film is destroyed. 

That oxygen is important in the darkening of the foil is indicated by the 
fact that the black spots often noted on the foil are found over the air 
pockets in the surface of the cheese mass. If the foil is removed from the 
cheese and then replaced there will be a decided increase in the discolora- 
tion, which is not apparent if the foil is not brought in contact with the 
cheese a second time (5). 

The salts that are used in the manufacture of processed cheese may ac- 
celerate the discoloration of the foil. This is shown in Table 1 in which the 
samples of cheese were made up with varying amounts of different emulsi- 
fiers and the finished product wrapped in a good grade of commercial tin 
foil. The foils were carefully examined when removed from the cheese 
samples after less than one month in storage, after 4 months and again after 
approximately 11 months. The results of these examinations together with 
the amount of salts used, the pH of the cheese mass, and the total ash con- 
tent of the cheese on a water-free basis are presented in Table 1. 

The results of this investigation indicate that the discoloration of the tin 
foil is rather closely related to the use of phosphates as the emulsifying 
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TABLE 1 
The effect of various emulsifiers and the reaction of (pH) of the processed cheese on the 
discoloration of the tin foil 


EMULSIFIER | PH, QUINHYDRONE damm | FOIL DISCOLORATION ON 
No. Kind | Per | Cheese | Sus | “bay. | First | Second Third 
| cent paste pension MATTER | exam. | exam, exam. 
5.43 | 5.86 708 | -- | --/| -- 
2 | Sodium citrate 1.0 5.48 5.97 7.38 -- -- -- 
3 sis sta 2.0 5.62 6.12 8.07 -- -- -- 
« | 3.0 5.65 6.15 aes | -- | -- | +- 
5 | -| 5.78 6.30 930 | -- -- + 
6 | 5.0 5.99 | 6.37 10.08 -- -- 
7 | Potassium citrate .| 3.0 5.68 6.15 9.16 -- -- + 
8 oF | 35 5.68 6.19 8.99 -- 
9 ee a 2.0 5.61 6.12 8.46 -- -- + 
10 as ane | 15 5.57 6.03 8.01 -- -- + 
ll | of 32 5.55 5.95 7.73 -- -- += 
12 | Tetra-sodium .| 5.0 6.03 6.49 13.05 + ++ | ++ 
13 | Pyro-phosphate ..... 4.0 6.02 6.52 12.71 + ++ ++ 
14 ” 7 ~ | 3.0 5.96 6.40 11.51 + + ++ 
15 ”" me a 2.0 5.74 6.26 9.90 7 ++ ++ 
16 | ™ 1.0 5.60 6.12 8.58 + 
17 Sodium .... | §.0 5.30 5.80 12.05 +- 
18 | Meta-phosphate 4.0 5.21 5.65 11.68 +- 
| 3.0 5.20 5.68 10.40 +- + + 
20 | 2.0 5.27 5.72 9.49 -- 
| 1.0 5.36 5.78 8.28 += 
22 | Mono-anddi-sodium | 2.0 5.32 5.77 9.24 | -- += +- 
23 Ortho-phosphates .| 1.0 5.34 5.75 | 8.25 -- -- -- 


Explanation of symbols: ++ marked discoloration, black spots. 
+ general discoloration. 
+-slight, but noticeable discoloration. 
discoloration. 


agents for processed cheese and to a pH value more alkaline than 5.8 
(cheese paste, no dilution) or 6.25 (1 to 10 suspension of cheese in water). 
This is further confirmed by the results of a comparison of sodium citrate 
with di-sodium phosphate (ortho) which was made on a number of cheeses 
processed at various ages, Table 2. All of the cheeses in each series were 
made from the same original milk. While the amounts of emulsifiers were 
somewhat larger than commonly employed the additions were calculated to 
include the water of crystallization in the salts used so that the results are 
comparable on the basis of the actual salt content of the samples. The 
samples of the processed cheese were examined after the storage periods in- 
dicated. The quality of the original cheese was not exceptional in any way. 
With the very young and old cheese the samples were so greasy that it is 
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TABLE 2 
The effect of sodium citrate and di-sodium phosphate (ortho) with cheese of varying ages 
on the discoloration of the tin foil 


SODIUM CITRATE (2 PER CENT)*** | eas eee 
: (2 PER CENT)* 


| 
AGE OF CHEESE | —————__— 


Storage | 


pH* days | Discoloration pH* — | — 
1 day | 5.93 a none | 621 | 1 | none 
124 | | 194 
183 | | 181 slight 
3 days 5.97 1 none | 6.20 | 2 none 
124 122 
181 “ 179 yes 
8 days 6.13 7 none 6.28 | 5 none 
| 35 33 
117 yes 
17 173 
8 days** 5 none, 10 days** | 5 none 
5.95 none 6.19 33 “ 
117. “ | yes 
fe | 6.11 4 | none 6.37 | 2 none 
95 93 yes 
| | 160 | | 158 
2 mo 6.23 e | none | 6.40 2 yes 
33 31 
63 61 

3 mo. 6.13 1 none | 6.36 1 | yes 
31 “ 31 

6 mo. 6.25 | 4 none | 6.38 4 slight 
54 ‘6 | 54 too greasy 
‘ick 81 “ 81 yes 
128 ss | 128 

9 mo. .... aa 6.26 | + none | 6.42 4 none 

| 38 ses 38 yes 
66 6s 66 
105 | 105 | 


* pH determined on a suspension of one part cheese in ten parts of water. 
** In these samples the emulsifiers were reversed, that is the cheese that was usually 
processed with sodium citrate had di-sodium phosphate added and vice versa. 
*** Computed on the basis of anhydrous salt. 


possible that the fat may have prevented a more pronounced discoloration 
in the foil. Both Tables 1 and 2 show that the more acid reaction was not 
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associated with discoloration of the tin foil as often as reactions on the 
more alkaline side of the limits mentioned. Samples of processed cheese 
made up with the addition of free acid failed to show discoloration of the 
foil unless the amount of acid used was such that the body and texture of 
the resulting processed cheese was affected. 

Aluminum foil has been used as a wrapper for processed cheese in an 
effort to avoid the darkening defect observed with tin foil. In pure form 
the aluminum foil is rather easily corroded by the action of the cheese salts 
but the aluminum salts are colorless so that their presence is not readily 
noted. Certain shellaes and resins have been used as a protective coating 
on the aluminum foil to prevent corrosion with sastisfactory results. Ger- 
man manufacturers have been active in this field, and as a result of their 
researches offer aluminum foils with various types of coatings for the pre- 
vention of the corrosion of the aluminum foil, and claim to have a coating 
that facilitates the handling of the foil by the automatic packaging machines 
used in the processed cheese industry (7). One of the major criticisms of 
aluminum foil is that it does not behave satisfactorily in the automatic pack- 
aging machines. The aluminum foil is somewhat more rigid than tin 
foil and therefore does not cling to the cheese mass as closely. This may 
result in air pockets which in turn may be places for mold growth and a loss 
of moisture from the cheese mass. The latter usually takes place rather 
slowly so would not cause appreciable loss if the cheese were sold soon after 
manufacture. 

Lead foil has been tried experimentally as a wrapper for processed 
cheese without success as both the foil and the surface of the cheese were 
badly discolored after a few days. One investigator has identified lead as 
being the cause of black spots in the cheese mass (8) but the source of the 
lead was not the wrapper. 

In making a comparison of a number of wrappers, the following 
materials were used: commercial tin foil, aluminum foil coated with a pro- 
prietary resin film, aluminum foil with a dull finish on one side due to the 
use of another type of protective coating, a rubber composition film and a 
cellulose film. These wrappers were used with samples of cheese made up 
with 2 and 3 per cent additions of sodium citrate, di-sodium phosphate 
(ortho) and tetra-sodium pyrophosphate. Examination of the samples 
within ten days after making showed that there was no surface taint in the 
cheese wrapped in tin foil or the aluminum foil with the protective resin 
film, but all of the other samples showed a noticeable surface taint. 

The seal between the foil and the cheese, and the ability of moisture to 
diffuse through the foil is of commercial importance since a poor seal may 
result in mold growth and the loss of moisture give a dry surface to the 
cheese which is not desirable. In this experiment the storage time was not 
sufficient to permit any extensive mold growths or appreciable loss of 
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moisture. The average moisture contents of the six samples of cheese in 
the five types of wrappers are presented in Table 3. From this it is evi- 
dent that wrapper ‘‘E’’ was somewhat less effective than the others. This 


TABLE 3 
Average* moisture content of processed cheese samples with various types of wrappers 


| anominum | “C” ALUMINUM 


“A” TIN FOIL | FOIL RESIN FOIL DULL “D” RUBBER | “E” CELLULOSE 
| COMPOSITION | COMPOSITION 
} } 
40.25 40.10 40.35 40.33 39.42 


* Each figure represents the average of 6 determinations made 6 to 10 days after 
processing. 


may have been due to diffusion of moisture through the foil and also to the 
fact that this foil was the most difficult to handle when lining the boxes. 


SUMMARY 


From the foregoing discussion it is evident that there are a number of 
factors which play a part in the darkening of the tin foil. The use of phos- 
phate emulsifying salts appears to accelerate the discoloration, especially 
when the reaction of the cheese-quinhydrone paste is more alkaline than 
pH 5.8. The results presented in this paper were obtained from investiga- 
tions on Cheddar cheese, and it is probable that other types of cheese might 
show different reaction values which are connected with the darkening of 
the tin foil. It is also probable that there may be some other factors 
involved, which may be studied at a later date. 

It is also evident that the metal foils are still superior to any other type 
of foils as a wrapper for processed cheese. For general use with all types 
of cheese tin foil is probably more satisfactory than aluminum foil, but 
when relative costs are considered there may be types of cheese with which 
aluminum foil, properly coated to prevent corrosion, may offer distinct 
advantages. 

In conclusion the authors wish to express their thanks to Chas. Pfizer & 
Co., Ine., for the fellowship under which this investigation has been con- 
ducted and also to those who supplied samples of wrappers for this 
experiment. 
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THE MICROBIOLOGICAL FLORA ON THE SURFACE 
OF LIMBURGER CHEESE* + 


Cc. D. KELLY 
New York State Agricultural Experiment Station, Geneva, New York 


The common practice in limburger cheese factories is to take the cheeses 
from the salting tables the second or third day after making and pack them 
together on the shelves of the ripening room. From this time on the cheeses 
are turned and rubbed with the hand daily, or at short intervals, until they 
are ready for packing when they are wrapped in parchment and waxed 
paper and placed in cold storage until ready for distribution. 

As the humidity of the ripening room is high, and the temperature is 
maintained close to 15.5° C. (60° F.) conditions are ideal for the growth 
of microorganisms. The method of salting leaves a high concentration of 
salt on the surface of the cheese which tends to inhibit the growth of all 
but salt telerant organisms. 

A short time after being put on the shelves, the cheeses become slimy and 
as they are rubbed from day to day the surface becomes smooth and the 
edges are rounded. Some days later a reddish color appears which spreads 
over the whole surface as the rubbing continues. This color has been found 
to vary in different districts of New York State from a reddish-brown to 
orange. 

The bacteria found in the surface smear of limburger and related types 
of cheese have been studied extensively in Europe. In 1898 Weigmann 
(1) found Clostridium licheniforme and Paraplectrum foetidum on the sur- 
face of the cheese and considered them as growing in metabiosis, the former 
preparing the way for the latter by breaking down the lactic acid and mak- 
ing the medium more alkaline. He believed that Paraplectrum foetidum 
was responsible for the typical cheese aroma and flavor. Recently Weig- 
mann (2) stated that a red smear was built up by red bacteria which cov- 
ered the surface of the cheese and produced anaerobic conditions permitting 
the growth of Paraplectridium or Plectridium foetidium. 

In 1899 Laxa (3) working with Bohemian varieties of limburger cheese 
found Oidium lactis, lactic acid bacteria, Saccharomyces, and a yellow-pig- 
ment producing rod. His conclusions were that Oospora lactis consumed 
the free acid and thus prepared the cheese for the other bacteria. These 
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other microorganisms growing together in symbiosis produced the character- 
istie odor and flavor of the cheese. 

Orla Jensen (4), (5) in studies on limburger cheese found Oospora lactis 
in young cheese though he did not consider them as having any part in the 
ripening. He also found a number of peptonizing bacteria, chiefly Tetro- 
coccus liquefaciens, a small spore-forming rod, and yeasts growing together 
with a rod which he calls Bacterium casei limburgensis. From data which 
he presents he concludes that Tetrococcus liquefaciens and Bacterium caset 
limburgensis are responsible for the ripening of the cheese. Orla Jensen 
(5) states ‘‘It is obvious that under normal conditions organism other than 
those mentioned above participate in the process. Weigmann mentions 
Plectridium foetidum but whether their activity is to be regarded at all de- 
sirable may be an open question; it is quite possible that limburger cheese 
might have a wider market if it contained no products of putrefaction.’’ 

Wolff (6) in his investigations on the cause of the orange color in the 
smear on the surface of cheeses found yellow micrococci and sarcina to- 
gether with orange and lemon yellow rods. Hc also found short rods which 
produced a red-brown pigment and which he designated as Organismus IX. 
Wolff considers this Organismus LX as being largely responsible for the red 
color of the surface smear. In 1910 Wolff (7) at Weigmann’s suggestion 
named this organism Bacterium linens. 

Filipovié (8) made a thorough study of Schwarzenberger, Hagenberger, 
and Romadour, three limburger types of cheese. In his review he considers 
certain Torula and Mycoderma which he found, as having a significant role 
in preparing the surface of the cheese for the peptonizing rods which later 
develop in the surface smear. These rods and more especially Bacterium 
linens are responsible for the typical limburger flavor and color. He did 
not find Oospora lactis in the Romadour cheese. 

During the early part of 1936 contact slides were made from cheese 
from each day’s make in each of fourteen New York State limburger fac- 
tories in two different districts. As there was some difference in appear- 
ance in the cheeses made in the two districts they are called, for convenience, 
District 1 and District 2. The contact slides were made by pressing slides 
against the surface of the cheese until a sufficient amount of the slime ad- 
hered to them. They were then allowed to dry and after treating with 
xylene to extract the fat and with alcohol to harden the smear were later 
stained and examined under the microscope. By this method it was pos- 
sible to determine day by day the types and relative numbers of organisms 
found on these cheeses throughout the time of ripening in the factory. 
While it should not be assumed that the daily changes shown on a series 
of cheeses are identically the same as the changes that take place on any 
individual cheese, still the preparations from a single factory should give 
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a reasonably accurate picture of the changes that take place on an average 
cheese from that factory. 

The chief difference noted in the cheeses from the two districts was that 
those from District 1 had a reddish-brown color, while those from District 2 
which were softer, more moist, and salted later, developed an orange color. 
The difference seemed to be related to the lower temperatures in the cellars 
of District 2 where the cheese ripened much more slowly. 

While most of the slides were stained by Hucker’s modification of the 
Gram stain (9) butyl aleohol was used for several series in place of ethyl 
aleohol as it cleared the background, leaving the organisms more distinct. 
With this modification of the stain all organisms are gram positive. 


RESULTS 


Slides from one-day-old cheeses in all series showed budding yeast-like 
organisms, cocci (mostly in pairs), and rods in about equal numbers (Plates 
l and 2). The yeasts increased rapidly in number until they appeared in 


* 
i 
e 
e 
PLaTE 1. From cheese one day old PuaTE 2. From cheese one day old. 


showing yeast, rods, and cocci. Magni- Magnification 1000 x. 
fication 510 x. 


large masses on the cheeses that were two days old (Plates 3 and 4). At the 
same time the surface of the cheeses became quite slimy. At a later date, 
and coincident with the appearance of the red color, short slender rods were 
found to be growing among the yeast cells (Plate 5) and increasing in num- 
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PuaTe 3. From cheese two days old PiaTe 4. From cheese four days old 


showing yeasts making rapid increase. showing yeast in masses. Magnification 
Magnification 510 x. 510 x. 


PuaTe 5. From cheese six days old PLATE 6. 
showing yeasts in masses and short rods showing short rods 


in fairly large numbers. Magnification 
510 x. 


From cheese eight days old 
in large masses. 
Yeasts were to be found in large num- 
bers though they do not appear in this 
field. Magnification 510 x. 
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ber soon overgrew the yeasts (Plate 6). In time the yeasts tended to die 
out and the yeast cells were found mostly as poorly stained or distorted 
forms (Plate 7) while the rods increased until there was a solid mass of bac- 
teria (Plates 6 and 7). The bacteria are found in large numbers up to 
the time the cheese is consumed. 

Oospora were occasionally encountered and in every case where they 
were found in any number, the cheese showed the peculiar wrinkled appear- 
ance associated with the growth of Oospora lactis. On the cheese from Dis- 
trict 1, very few organisms other than yeast and the short rods were to be 
found after the first few days, but with the cheeses from District 2 quite 
a number of larger and thicker rods, and other miscellaneous bacteria were 
to be noted from time to time; and this more especially during the first 
week of ripening (Plate 8). 


PLATE 7. From cheese seventeen days PLATE 8. From cheese made in District 
old showing rods in masses and yeasts 2 showing besides yeast, types of bacteria 
starting to break down. Magnification other than the short rods. Magnification 
510 x. 510 x. 


In District 1, the yeast cells appeared in considerable number on cheeses 
two to four days old with the majority of cheeses three days old. They 
reached what seemed to be their maximum number at from four to six days, 
with an average time of less than five days. On the other hand, though the 
yeast cells in District 2 made their first appearance at two to three days, 
they developed more slowly and reached their maximum growth at four 
to eight days. 
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The time of the first definite appearance of the rods on the cheese in 
District 1 showed considerable variation, being from four to eight days, 
while in District 2 they appeared from the sixth to eighth day. The maxi- 
mum growth in both districts occurred between the fifth and the tenth day. 

The yeast cells started to disappear around the tenth to eighteenth day, 
but a few were to be found throughout the ripening period. 

Cultures of the yeast and of the rod-shaped bacteria have been isolated 
and a preliminary study has been made of them. 

The yeast was found to reproduce by budding, showed no trace of sexu- 
ality, spores were not found when grown on gypsum blocks, a pellicle was 
formed on liquid media from the beginning, and salt was tolerated in con- 
centrations as high as 18 to 20 per cent. 

The bacteria are gram positive and tolerate concentrations of salt as 
high as 18 to 20 per cent. They agree morphologically and in their cul- 
tural and physiological characteristics with the description of Bacterium 
linens as given by Wolff and by Steinfatt, the one exception being that no 
orange-colored ring was observed in milk. 

Bacterium linens Weigmann. (Organismus IX, Wolff, Milehwirt. Zent., 
5, 145, 1909; in Wolff, Cent. f. Bakt., IT Abt., 28, 422, 1910, and in Weig- 
mann, Mykologie der Milch, 62, 220, 1911. 

Description taken from Wolff, Milechwirt. Zent., 5, 145, 1909, and Stein- 
fatt, Milehwirt. Forsch., 9, 7, 1929. 

Rods: 0.6 x 0.8—1.0 micron without spores, non-motile (Wolff) are some- 
what irregular in form and size when grown in liquid media (Steinfatt). 

Agar colonies: At 30° C. small colonies are formed and are about 1 mm. 
in diameter in ten days, shiny, brownish, translucent droplets. Brownish 
yellow on cheese agar. 

Agar slant: At 20° and 30° C. growth good though slow, translucent, 
shiny, red-brown or reddish-yellow. 

Gelatin colonies: At 18° C. punctiform at first and in about twelve days 
about 1 mm. in diameter. Colony compact, shiny, circular, brownish-yellow 
to red-brown in color. The gelatin is liquefied. 

Broth: The broth becomes cloudy in time. 

Milk: At 20° and 30° C. little or no change to be observed after ten 
days. An orange-colored ring is produced around the wall of the tube, 
more pronounced at room temperature than 30° C. A reddish-yellow sedi- 
ment is found at the bottom. The reaction is alkaline. 

Potato: After 2 days scanty shiny orange growth in the form of drop- 
lets. The potato is mouse-gray in color. 

No acid from glucose, lactose, saccharose, galactose, glycerin, mannite, 
arabinose, raffinose, dextrin and salicin (Steinfatt). 

Aerobic. 
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Temperature relations: Maximum 37° C., optimum 25° C., mini- 
mum 9° C, 

Distinguishing characters: Produces a shiny orange growth on agar. 

Source: This organism represents 10 per cent of a large number of 
cultures isolated by Wolff from Rahmkise (a ripened cream cheese ). 

Habitat: Produces the red-brown slime which covers surface-ripened 
cheese. 


DISCUSSION 


As the yeasts and short rods appeared almost in pure culture on the 
surface of the cheeses in many of the factories where the best cheeses were 
made, it is logical to suppose that only these organisms are necessary for 
the surface ripening of the type of cheeses made in New York State. 
Proper salting of the cheeses as early as possible leaves a sufficiently high 
concentration of salt to exclude all but these salt tolerant organisms. Where 
salting is delayed as in many factories in District 2 other microorganisms 
besides yeasts and Bacterium linens may become established on the unsalted 
eurd and be found in considerable numbers throughout the ripening period 
(Plate 8). These other organisms, while apparently not necessary to the 
proper ripening of the cheese have not been shown to have a detrimental 
effect as the quality of the cheese was good. The slower development of 
both the yeasts and the rods in District 2 is explained by the lower ripen- 
ing temperatures. 

Details of the part played by the yeast and Bacterium linens in the 
ripening of the cheeses are beyond the field of this study, and can only be 
determined by further research. Undoubtedly, however, through their en- 
zymes they have a major part in the breaking down of the cheese mass from 
the firm rubbery texture of green cheese to the soft buttery consistency of 
the ripened cheese. 

SUMMARY 


The microbiological changes on the surface of ripening New York State 
limburger cheese as found by microscopic examinations show a very definite 
sequence. Budding yeasts appear in from two to three days and are found 
in large masses in four to five days. At this stage the surface of the cheese 
becomes slimy and the organisms in this slime are distributed evenly over 
the surface by rubbing the cheeses with the hands. 

About the sixth or seventh day short slender rods (Bacterium linens 
Weigmann) appear and increase to large numbers about the eighth day 
when they are evenly distributed over the whole surface. There is little 
doubt but that these organisms are responsible for the reddish color which 
appears on the cheese at this time. The slime on the surface then becomes 
heavier and is about the consistency of soft butter. 
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From ten to eighteen days the yeast cells tend to decrease in size, be- 
come distorted and disappear entirely. Very few yeast cells were to be 
found on the older cheeses. 

Other types of microorganisms, though present from time to time, do not 
appear to have any important part in the ripening of the limburger cheeses. 
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WATER SOLUBLE CARBOHYDRATES IN FORAGE CROPS AND 
THEIR RELATION TO THE PRODUCTION OF SILAGE 


J. K. WILSON anp H. J. WEBB 
Cornell University, Ithaca, New York 


There are two outstanding classes of forage crops that are extensively 
grown on New York farms. These may be conveniently designated as non- 
legumes and legumes. Under certain conditions both of these can be con- 
verted into silage. Such crops as corn, millet and sorghum which are in 
the non-leguminous class have been used as silage crops for many decades. 
Little difficulty is ever encountered in obtaining a good product from these 
crops. Attempts to produce silage from such crops as alfalfa, red or alsike 
clover and soybeans, which are in the leguminous class, have usually re- 
sulted in a product that is not palatable. In a majority of cases the pro- 
duet is returned to the land as a fertilizer. 

The extensive increase in leguminous forage crop production for animal 
feed, both in kind and quantity, has prompted requests for methods of pre- 
serving these crops. Other weather conditions retard or prevent the pro- 
cess of haymaking. In a large number of instances the cut material spoils 
or the hay produced from it is of such an inferior quality that animals re- 
fuse most of it. In a few cases a certain quantity of a legume crop may 
be ensiled with a larger quantity of a non-legume and an acceptable silage 
produced. Often, however, the legume and the non-legume cannot be har- 
vested at the same time. Other difficulties may arise so that other methods 
than making a mixed silage have to be practiced in handling these crops. 


STATEMENT OF PROBLEM 


One of the principal reasons for the numerous failures in the making of 
silage from legumes was presented by Wilson (4) in an article that dealt 
with the neutralizing power of forage crops for organic and mineral acids. 
He pointed out that leguminous materials require more organic or mineral 
acid to reduce their pH one unit than is required by a similar quantity of 
a non-leguminous material. He reemphasized also that legume forage crops 
may be deficient in acid-prodacing carbohaydrates. If the latter were true 
these two characteristics of the legumes may explain the numerous failures 
in efforts to produce silage from such highly nitrogenous crops. This 
paper, therefore, presents analyses of the water-soluble carbohydrates of 
both legumes and non-legumes and their relation to the production of silage. 

Several investigators have suggested that there should be a high ratio 
between the fermentable carbohydrates and the other materials such as 
nitrogen before good silage can be expected. Other workers have concluded 
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that the content of fermentable carbohydrates is sufficient to produce the 
proper degree of acidity in the silage from any green crop, barring a few 
exceptional cases, and that the only other chemical qualification necessary 
to a succulent silage is the proper moisture content. However, with such 
information available there are too many failures in silage making. It is 
hoped that the data presented will give a better understanding of why it is 
difficult to produce silage from leguminous forage crops. 


METHODS 


Due to the possible rapid conversion of soluble carbohydrates of plant 
tissues into starch, it was desirable to collect samples of plants growing in 
the field and start the determinations as soon thereafter as possible. Ac- 
cordingly, in making determinations of soluble carbohydrates, the freshly 
cut material was taken immediately to the laboratory and the analysis 
started. The plants were chopped and carefully mixed (so that a sample 
of the chopped material would represent the entire crop.) From this 
chopped tissue duplicate portions of about 50 grams each were taken. 
One was placed in a drying oven at 100° C. This was used to determine 
the moisture in the sample. The other was placed in a 400 ml. beaker and 
200 ml. of water added. The beaker was covered and placed in an Arnold 
steamer for about 15 minutes. After this heating the sample was allowed 
to stand over night, if possible, otherwise 4 or 5 hours. The liquid was 
decanted and a 100 ml. aliquot used. A saturated solution of basic lead 
acetate was added to this aliquot until no more flocculation occurred. The 
precipitate was removed by filtration and washed with cold water. Sodium 
oxalate crystals were added to the filtrate and the solution filtered into a 
250 ml. volumetric flask. To the solution in this flask was added 25 ml. 
concentrated HCl and the mixture allowed to stand over night or heated 
at 68-70° C. for 10 minutes and cooled. This was necessary in order to 
hydrolyze polysaccharides to reducing sugars. After hydrolysis by either 
method, a 40 ml. aliquot was placed in a centrifuge tube. The HCl in the 
aliquot was neutralized with 25% NaOH using methyl! red as an indicator. 
A volume of Fehling’s solution, modified according to Schaeffer (2), equal 
to the volume of the aliquot was added to the liquid in the centrifuge tube. 
Yais was mixed in the tube and the latter placed in a bath of boiling water 
for exactly 10 minutes. The tube was then transferred to a centrifuge and 
whirled for at least four minutes. This threw the copper precipitate to the 
bottom and the supernatant liquid was decanted off. Water was added to 
the tube and the liquid was again whirled. The water was poured off and 
the precipitate dissolved in about 10 drops of concentrated HNO,. For 
purposes of comparison a dark blue color was then developed by adding a 
1-5 solution of NH,OH. The blue colored liquid was made to a definite 
volume and compared with that of a standard prepared according to 
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Schaffer. The quantity of copper was then caleulated and the quantity of 
sugar present calculated from the reduced copper. 

This method of determining the water-soluble carbohydrates was com- 
pared with the alcoholic extraction method of separating the sugars from in- 
terfering substances. Eight comparisons were made. Five of these were 
with legume forage crops and three were with non-legume forage crops. In 
every instance the alcoholic extraction method gave a lower percentage of 
reducing sugars. The difference was not large in any comparison and the 
average difference was less than four-tenths of one per cent. 

Calculating the data:—When forage crops are taken for silage purposes 
they contain a relatively high percentage of water. This ranges usually 
from 65 to 85 per cent, with a majority being near 80. With such varia- 
tions it was difficult to make comparisons of the water-soluble carbo- 
hydrates. It was advisable to find a common basis for comparison. Since 
the water-soluble carbohydrates disappear by being converted in the silo 
into organic acids which remain in solution and preserve the material, a 
comparison of these carbohydrates at a uniform percentage of moisture 
seemed feasible. Therefore, in addition to showing the percentage of these 
carbohydrates in the dry matter or in the freshly cut material they are 
shown in the tables also on a basis of 80 per cent moisture. This makes it 
convenient to compare water soluble carbohydrates of one legume with 
another or with a non-legume. 

Effect of Time of Day on Content of Water Soluble Carbohydrates :— 
It was recognized that in the daytime carbohydrates may be synthesized 
more rapidly than they are utilized and that these may be transported or 
disappear somewhat during the night. If this is true samples of growing 
plants may have a varying content of water-soluble carbohydrates through- 
out the daytime. This might necessitate a definite time of day for collect- 
ing samples if comparative data are to be obtained. In order to see how 
much difference there might be, samples of alfalfa and of rye were collected 
at intervals of 2 hours. The first sample was taken at 4:40 a.m., just at 
sunrise, and the 7th at 4:40 p.m. The entire day was cloudless. The data 
are presented in Table 1. 

The data show that the percentage of water-soluble carbohydrates in 
alfalfa from early morning to mid-afternoon remains almost constant. If 
the results are calculated to a uniform moisture content, say 80 per cent, 
then at 4:40 a.m. the percentage was 2.17 and it never went above 2.27. At 
8:40 a.m. it was just above 2 per cent. The results with rye, through show- 
ing about 3 times as much water-soluble carbohydrates as was found in 
alfalfa, are also fairly uniform. At 4:40 a.m. it was 6.66 per cent and never 
exceeded 7.9 per cent throughout the day. This is a spread of less than 
1.25 per cent. 
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It is concluded that the water-soluble carbohydrates of leguminous plant 
tissue remain rather uniform throughout the day and that they may in- 
crease as much as 1.25 per cent from early morning to midday in the non- 
legumes. It is doubtful whether this variation carries any significance in 
silage making. However, since this variation may occur, all samples for 
analysis were collected around midday. 

Effect of stage of maturity on the percentage of water-soluble carbohy- 
drates:—Since large quantities of carbohydrates are used in young growing 
plants it might be suspected that such plants would have a lower percentage 
of water-soluble carbohydrates than plants actually setting seed. Data 
bearing ont this suggestion are given in Table 2. 

It is evident that the sugar content of the less mature tissue is signifi- 
cantly lower than that of the more mature tissue. This is true in 16 of 17 
observations. The only apparent exception is the comparison of orchard 
grass taken when it was setting seed and when the seed was ripe. It might 
be suspected in this case that plants bearing ripe seed would contain less 
soluble carbohydrates than when setting seed. 

It is concluded from the data presented in Table 2 that the stage of ma- 
turity of the plants which are taken for an analysis of their water-soluble 
carbohydrates should be carefully noted. 


WATER-SOLUBLE CARBOHYDRATES IN FORAGE CROPS 


It was desirable in this study of the water-soluble carbohydrates in 
forage materials to have analyses of tissues of plants that may or may not 
be grown as farm crops. Such analyses lend perspective to the results and 
aid in their interpretation. Accordingly analyses of many plants, repre- 
senting legumes and non-legumes, some commonly regarded as weeds and 
usually found on cultivated lands, were made. Since the stage of maturity 
of the plants influences the quantity of soluble carbohydrates, plant tissue 
was collected which was sufficiently mature that it might be used for silage 
making. For convenience of presentation that data are divided into two 
groups. 

Water-soluble carbohydrates in non-legumes:—It will be noted in Table 
3 that the date on which the plant tissue was taken is given. This together 
with the percentage of moisture and the remarks concerning the stage of 
maturity of the plant gives a fair idea of the succulence or maturity of the 
material. 

Table 3 reveals that numerous non-legumes such as barley, brome grass, 
corn, crested wheat grass, hard fescue, Italian rye grass, Kentucky blue 
grass, perennial rye grass, quack grass, rye, sorghum, sudan grass, timothy, 
and wheat possess a higher water-soluble carbohydrate content than the re- 
maining plants listed in the table. If the quantity of these carbohydrates 
is expressed as percentage of water in the forage material, this being cal- 
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culated for each sample to a uniform moisture basis of 80 per cent, it is 
clear that all the above-mentioned crops possess more than 3 per cent of 
water-soluble carbohydrates, the two highest being rye with 6.71 and sweet 
corn with 6.52 per cent. At least a dozen other non-legumes that are grown 
or may get into the silo also possess a content of water-soluble carbohydrates 
of 2 to 3 per cent. In this group are Canada blue grass, oats, plantain, sun- 
flower and timothy. Of lesser interest from the standpoint of silage making 
but of value in relation to the other data are the water-soluble carbohydrates 
of many other plants. In this group are such plants as barnyard grass, 
buckwheat, Canada thistle, chicory, dandelion, flax, hemp, mustard, plan- 
tain, rape, velvet grass, and yarrow. These possess less than one per cent 
of soluble carbohydrates. 

Water-soluble carbohydrates in legumes:—The data relating to the 
water-soluble carbohydrates in legumes are presented in Table 4. For pur- 
poses of comparison they are calculated on a basis similar to those shown in 
Table 3. Only 7 of the 31 legumes examined possessed a water soluble car- 
bohydrate content of 2 per cent or over. Vetch was the highest with 3.34 
per cent. The next highest was red clover with 2.95 per cent. Beans, chick 
pea, lespedeza and lupine possessed less than 1 per cent of these carbohy- 
drates. 


PRACTICAL APPLICATION OF THE FINDINGS 


It is concluded from the analytical data concerning the water-soluble 
carbohydrates of forage crops that one of the main reasons why legumes do 
not ensile satisfactorily is the small quantity of sugar in their tissues. This 
has been suggested by several workers, notably Reed and Fitch (1) of 
Kansas, but few if any data comparing legumes and non-legumes have been 
presented by such workers to substantiate their suggestion. This conelu- 
sion is also reached from the data presented in this paper because there is 
approximately three times as much fermentable sugars in the non-legumes 
that produce acceptable silages as there is in the legumes that produce in- 
ferior silages. This conclusion is also strengthened by the fact that vetch 
and possibly red clover, which have been the most reliable legumes from 
which to make silage, have the highest percentages of water soluble carbo- 
hydrates of all the legumes analysed. 

Influence of the addition of fermentable carbohydrates on the produc- 
tion of silage:—If the failure to produce silage from leguminous tissue is 
due to a shortage of fermentable carbohydrates it should be possible to sup- 
plement them with sugars from other sources and obtain a satisfactory 
product. Of course this is what Reed and Fitch (1) did but their applica- 
tions are too expensive. To expand our information on this point, and to 
place the applications on a practical basis, grass clippings were collected 
and employed in such a test. The clippings were a mixture of grass with 
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legumes as well as of each separately. They were analyzed for their water- 
soluble carbohydrates and employed to make silages. The water-soluble car- 
bohydrates of the clippings were supplemented with corn sugar. The rela- 
tion of the carbohydrates in grass clippings and the influence of supple- 
menting these with corn sugar to the quality of the silage are shown in 
Table 5. 

The influence of the clover in the mixture of grass clippings on the per- 
centage of water-soluble carbohydrates is easily observed. In every in- 
stance the mixture of legume and non-legume shows a lower percentage of 
water-soluble carbohydrates than the non-legume. This situation is also 
reflected in the acidity of the silage made from these clippings as expressed 
by their pH. In each instance the pH units were smaller if the silages were 
made from the non-legumes. When silages were made from the clippings 
after the addition of corn sugar all mixtures made good silages, while with- 
out the sugar only those with the higher percentages of sugar produced 
silages that appeared satisfactory. 

The influence of the added sugar on the reaction and quality of the re- 
sulting silage suggests that silage might be made from any legume forage 
crop provided the proper quantity of an acid-producing substance were 
added to the forage material. Accordingly soybeans were obtained from 
the field and chopped finely. This cut material was divided into three por- 
tions. One portion was used as a control. To another portion was added 
corn sugar at the rate of 1.5 per cent of the green weight. To a third por- 
tion was added 3 per cent corn sugar. Silage was made from each. The 
silos were filled on September 22 and were emptied on December 15. The 
control at this time was of a poor quality. The odor was of such a charac- 
ter that it indicated early stages of putrefaction. Water extracts were dark 
brown. The silage resulting from the addition of 1.5 per cent corn sugar 
was acceptable. It possessed a good aroma and no signs of putrefaction 
were evident. The water extract from this silage was almost clear. The 
silage resulting from the addition of 3 per cent corn sugar was excellent in 
every particular. The water extract, however, contained a little more color 
than the extract from the silage made with the addition of 1.5 per cent corn 
sugar. 

Other legumes have been employed in similar attempts. The experi- 
ment with green peas is here described. The chopped vines and pods were 
placed in silos of 60 pounds, capacity. To the chopped material in one silo 
was added 1.5 per cent corn sugar, to that in another 3 per cent, and to that 
in a third 5 per cent. A fourth was filled as a control. The cut material 
remained in the silos four weeks. The resulting product from each was ex- 
amined. The best silage was produced from the green peas that received 
1.5 per cent corn sugar at the time they were packed in the silo. It 
possessed the best color, odor and firmness. The silage that was made from 
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the green peas without the addition of sugar was dark, a little soft and of 
inferior odor, indicating that an undesirable type of fermentation was oc- 
curring. The silage resulting from the green peas to which 3 per cent corn 
sugar was added was also a good product. It was a little bitter to taste 
but possessed a pleasant odor and a good color. This tendency toward bit- 
terness was pronounced in the silage that was made from the peas to which 
5 per cent sugar was added. The color and odor, however, were satisfac- 
tory. Apparently nothing was gained by the addition of more than 1.5 
per cent sugar to the crop at the time it was packed in the silo. 

Satisfactory silage has also been made from numerous other legumes 
than peas by incorporating with the freshly cut material any readily fer- 
mentable carbohydrate that is converted into organic acids. Such sub- 
stances as glucose, sacchrose, lactose, maltose, and molasses were experi- 
mentally employed. These substances that are added for the purpose of 
inereasing the acidity of the silage were applied to forage material in the 
following percentages: 0.1, 0.3, 0.5, 1, 1.5, 2, 3, and 5. The quality of the 
resulting silage that was made from the alfalfa to which 1.5 per cent was 
applied was significantly superior to that produced from alfalfa to which 
smaller percentages were added. No further increase in the quality of the 
silage was noticeable with applications larger than 1.5 per cent. 

The above information indicates that successful ensiling of legume crops 
oceurred when 1.5 per cent of sugar was added to the crop as it was being 
packed in the silo. In experiments with alfalfa at Kansas Reed and Fitch 
(1) added 10 per cent of black strap molasses. Since these experimental 
silos held only a few pounds it was desirable to test this application of sugar 
on a larger quantity of material. For this purpose 3-ton silos were avail- 
able. They were filled with third-cutting alfalfa to which was added, as it 
went through the silage cutter, about 1.5 per cent corn sugar. The quantity 
necessary was calculated from the green weight of the crop. A second silo 
was filled with alfalfa to which was applied 3 per cent corn sugar. These 
silos were filled on the 4th day of October, 1934. 

On the 20th day of November the silo containing alfalfa that was treated 
when packed with 1.5 per cent corn sugar was opened. Samples were taken 
for certain tests and the remaining silage fed to cattle. There were no 
leachings from the silo. From all appearances and tests the silage was un- 
usually good. It possessed an attractive odor, was firm and an acidity of 
pH 4.5 indicated that sufficient acid had been developed to prevent putre- 
faction. 

The silo that was filled with the alfalfa that was treated with 3 per cent 
corn sugar was opened after 8 months. The alfalfa had been converted 
into an excellent silage. An acidity of pH 4.3 indicated that no putrefac- 
tion had oeceurred. The odor was excellent and the silage was also fed to 
cattle. 
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Influence of the addition of acids on the production of silage:—l\t is 
evident from the results of the experiments just reported that forage crops 
fail to ferment properly and to produce a high quality silage because they 
do not contain an ample supply of water-scluble carbohydrates that can be 
converted into organic acids. Such a condition is made worse by the fact 
that a larger quantity of acid must be produced in a silo packed with a 
leguminous crop to insure a satisfactory product than is required in a silo 
packed with a non-leguminous crop. This is true because leguminous ma- 
terials have a larger neutralizing power for organic and mineral acids (4) 
than do the non-leguminous materials. The soluble carbohydrates are con- 
verted almost quantitatively under anaerobic conditions in the silo into or- 
ganic acids. An ample supply of acid-producing substances gives a high 
quality silage; an insufficient production of organic acids gives an inferior 
silage. 

Since the successful ensiling of forage crops is accompanied by the pro- 
duction of organic acids it should be possible to add acids of one sort or 
another to freshly cut crops and thus accomplish the same purpose. Suc- 
cess can be obtained by this method. Both organic and mineral acids were 
employed in such a study. Since the organic acids are weaker than the 
mineral acids it requires less of the latter to produce the required acidity. 
Experimentally such acids as hydrochloric, sulphuric, phosphoric, lactic and 
acetic or combinations of these were employed. They were added either to 
supplement the acid normally produced by fermentation or in sufficient 
quantity to reduce the bacterial activity to a minimum. From the experi- 
mental standpoint enough of any acid can be used to reduce the pH of the 
forage material to 4.0. This will reduce bacterial activities to a minimum 
and produce preservation conditions. If the acid that is added does not 
produce this condition, fermentation of the water-soluble carbohydrates of 
the ensiling material will occur and a pleasing odor will be developed simul- 
taneously. From numerous concentrations and combinations that have 
been tested experimentally in small containers two were selected for trial in 
3-ton silos. 

Two silos were filled on the 4th day of October with third cutting alfalfa. 
As the cut material fell into one of the silos equal quantities of 4 normal 
hydrochloric and sulphur acids were added. The quantity applied was at 
the rate of 30 liters per ton. This is essentially the formula employed by 
Vertanen (3) to preserve fresh fodder. When the other silo was being 
filled there was added to the forage 1.5 per cent corn sugar and 15 liters 
of a 4 normal hydrochloric acid solution to a ton. Both silos were opened 
8 months later and the resulting products examined. 

There was no loss of liquid by leaching during this period. The alfalfa 
that was treated with a mixture of both acids had changed scarcely any. 
There was a slight odor, indicating that some fermentation had occurred. 
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The silage was firm and cattle ate it with relish. The acidity as recorded 
by a potentiometer was pH 4.5. The alfalfa that received the hydrochloric 
acid and sugar was also an excellent product. The acidity expressed in pH 
units was 4.5. The odor was plentiful, indicating that the hydrochloric 
acid had produced only partial preservation conditions and that fermenta- 
tion of the water-soluble carbohydrates to organic acids had carried the 
acidity on to the preservation point. 


DISCUSSION 


It was shown previously (4) that more acid is required to change the re- 
action of leguminous tissues one pH unit than is required by non-legu- 
minous tissue. The data presented in this paper show that the water- 
soluble carbohydrates, or what may be called the fermentable carbohydrates, 
of leguminous fodders are considerably lower than those of the non-legu- 
minous fodders. Since the ensiling material is preserved by the production 
of organic acids that are produced from the fementable carbohydrates, these 
differences between the two types of forage crops are thought to be the 
reasons why non-legumes ensile without much difficulty while legumes 
seldom ensile satisfactorily. When they do ensile properly, it is evidence 
that they contain an ample supply of fermentable carbohydrates. 

This deficiency of the leguminous fodders for silage purposes can be 
overcome. If the fermentable sugars contained in the legumes are supple- 
mented to the extent of 1.5 per cent of the green weight with any ferment- 
able carbohydrate such as sugars or those materials contained in molasses, a 
desirable type of fermentation occurs with the result that an acceptable 
silage is produced. Also, acids, either organic or mineral, may be employed 
to produce either part or all of the acidity needed for preservation purposes. 

Silages made by these methods met every test that is expected of a good 
silage. The employment of an acid or acids that increase the acidity may 
preserve certain qualities of the freshly cut material that may be lost when 
the fodder is allowed to ferment spontaneously. If the hydrochloric or 
suphurie acid is employed for preservation purposes the resulting silage 
contains an unusual quantity of acidic radicles. These are much in excess 
of the nutritional requirements of animals. When the silage is eaten these 
acidic radicles may reduce the alkaline reserve of the blood. 

If phosphoric acid is employed it produces preservation conditions for 
the fodders, increases the quantity of phosphorus available for animal con- 
sumption and results in a higher phosphatic fertilizer for spreading on the 
land. This makes the phosphoric acid do triple duty and spreads the cost 
of preserving the silage to more than one farm undertaking. It would seem 
that phosphoric acid migh be recommended for this purpose because many 
of our soils and the forage crops grown on them are deficient in this con- 
stituent. 
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In localities where phosphoric acid can be obtained at an economical 
price its use for silage preservation should be encouraged. 


SUMMARY 


Leguminous and non-leguminous plants were collected and were an- 
alyzed for their water-soluble carbohydrates. Plants of different stages of 
maturity were collected. They were taken around midday and the analysis 
started immediately. The tabulated results show the percentages of fer- 
mentable carbohydrates in the sap of the plant, in the fresh and dry 
weight of the plant and in the moisture calculated for each sample to a uni- 
form basis of 80 per cent. Notes that might have some bearing on the pro- 
duction of silage from these crops were made. 

The wide difference in the water-soluble carbohydrates of these two types 
of forage crops suggested that the legumes are deficient in fermentable car- 
bohydrates and thus fail to produce a silage of satisfactory quality. 

Acting on this suggestion, silages were made by supplementing the fer- 
mentable sugars in the legumes with such substances as corn sugar and 
molasses. Since these carbohydrates are converted into organic acids both 
organic and mineral acids were also employed to reduce the pH of the 
freshly cut material to a point which reduced materially the microbial ac- 
tivity. It was found that silages of superior quality could be made by these 
methods. In the discussion it was suggested that phosphoric acid might be 
employed profitably to preserve the fodders ; to increase the phosphorus con- 
tent for animals and to increase the fertilizing value of the farm manure. 
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THE OXIDATION OF BUTTERFAT 


II. THE COMPOSITION OF THE FAT IN RELATION TO ITS 
SUSCEPTIBILITY TOWARD OXIDATION* 


V. C. STEBNITZ anp H. H. SOMMER 
Department of Dairy Industry, University of Wisconsin, Madison 


A tallowy or oxidized flavor in the milk herds where utmost precautions 
have been taken to produce clean milk and to protect it from light and metal 
contamination is often traceable to the milk from one or more cows. Trouble 
with this off-flavor frequently occurs spasmodically, appearing for a time 
and then disappearing for no apparent reason. These observations suggest 
that the difference in the susceptibility of the fat toward oxidation is proba- 
bly to be found in the composition of the fat. 


REVIEW OF LITERATURE 


Of 155 cows, representing 5 herds, Guthrie and Brueckner (1) found that 
21 per cent gave milk that showed distinctly oxidized flavors, and an addi- 
tional 10 per cent produced milk which developed a slight oxidized flavor. 
Except in a few cases, there was no regularity as to which cows would pro- 


duce mik subject to the development of oxidized flavors. 

Chilson (2) reported 25 to 30 per cent of the cows of the Cornell College 
herd as giving milk during the winter and spring months which developed 
an oxidized flavor. 

Roadhouse and Henderson (3) state that an average of 24.2 per cent of 
the 349 milk samples entered at the California State Fairs from 1930 to 1934 
were criticized as having an oxidized flavor. 

The only indication found by Guthrie and Brueckner (1) that there was 
any relation between the feed of the cow and the production of milk capable 
of the development of the oxidized flavors was the tendency of most cows 
that produced milk which acquired these flavors in winter not to produce 
such milk in summer. These investigators concluded that the dry feeds were 
not the sole cause of the development of these flavors inasmuch as there was 
a variation in the intensity of the oxidized flavors developed in the milk from 
different quarters of the same udder. 

Majer (4) claims that the tallowy flavor in the butterfat of milk comes 
from the feeding of overheated industrial residues and of residues of the 
sugar industry. 

Received for publication December 5, 1936. 
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Kende (5) found that milks of different origins varied in their suscepti- 
bility toward tallowy development. This investigator believes that milk 
contains hitherto unknown organic compounds of complicated composition 
(reductases) which, depending particularly on the quality of the feed which 
is given the cow, are contained in the milk in quantities more or less large 
and which naturally protect the milk from developing oxidized flavors. If 
these protecting substances are lacking, the milk is extremely sensitive to the 
action of metals. 

Tracy and Ruehe (6) pointed out that tallowiness in market milk is more 
common in winter than in summer. In a later publication (7) these investi- 
gators reported that there was a great variation in the tendency of different 
milks produced under the same conditions to develop a tallowy flavor which 
could not be correlated with the percentage of fat present in the milk. They 
suggest that milks may contain reducing bodies other thaa bacteria, such as 
leucocytes, that are a factor in retarding oxidation of the butterfat. 

Henderson and Roadhouse (8) report that cows showed differences in the 
stability of their fat when maintained on the same ration. They found that 
three cows produced a more stable fat when maintained on an oat hay ration 
than when alfalfa hay was fed. There was no significant difference in the 
rate of oxidation of the fat when animals were maintained on the dry and 
green alfalfa regimes. The samples of fat produced by the cows receiving 
alfalfa hay contained approximately 36 per cent less carotene than when 
green alfalfa was fed and oat hay 41 per cent less carotene. 

Dahle (9) suggests that feed may have something to do with the tallowy 
flavor in milk, since it usually disappears in the summer when the cows are 
on pasture. 

Anderson, Hardenbergh and Wilson (24) have made observations which 
lead them to believe that off-flavored milk from individual cows might be 
eaused by dietary deficiencies. 

Guthrie and Brueckner (1) could find no relation between the breed, 
period of lactation, or age of the cow and the development of the oxidized 
flavors in the milk. 

Lea (10) found that a sample of beef kidney fat with an iodine number 
of 42.51 was more susceptible to oxidation as measured by peroxide forma- 
tion and Kreis reaction than a sample of fat with an iodine number of 40.25. 

Eckles and Palmer (11) have shown that overfeeding of the cow caused 
a decrease in the iodine number of the fat, while underfeeding, by which the 
cow was in a negative nutritional balance, caused an increase in the iodine 
number. 

Henderson and Roadhouse (12) found that the fat from the milk pro- 
duced from animals drawing upon their body fat by consumption of sub- 
maintenance rations showed increases in the percentage of unsaturated fats 
and increased susceptibility of the fat to oxidation. 
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Kenneth and Hilditch (13) report an abrupt increase in oleic and linoleic 
acids when cows go on pasture and a gradual increase in the amount of 
unsaturated fat as cows age. 

Although Hunziker, Mills and Spitzer (14) have shown that feeding cows 
rations high in linseed oil meal or cottonseed meai will greatly increase the 
iodine number of the fat, Frazier (15) was unable to determine any differ- 
ence in the development of a tallowy flavor in the milk of cows fed such 
rations. 

In their work with shortenings for crackers Triebold and Bailey (16) 
state, ‘‘The data indicate that there is no uniform relationship between the 
iodine number and the keeping qualities (resistance to oxidation) of a short- 
ening. Restricting the comparison to one type of shortening, presumably 
containing the same unsaturated glycerides, it appears that there is a slight 
tendency for those samples having the lower iodine number to have the better 
keeping qualities. 

Ruemele (28) has shown that linolenic and linoleie acids oxidize before 
oleie acid in a reaction mixture containing the three acids. Oleic acid became 
rancid after absorbing a very small amount of oxygen while the linoleic acid 
first became rancid after absorbing a considerable amount of oxygen and the 
linolenie acid did not become rancid on oxidation. This investigator found 
that a sample of fat containing a large proportion of highly unsaturated 
acids had to be oxidized to a higher peroxide value and Kreis value in order 


to develop a rancid flavor than if the fat contained principally oleic acid. 
At elevated temperatures the decomposition of the more unsaturated product 
was very rapid and a much lower peroxide value occurred with a rancid 
flavor than when oxidized at lower temperatures. The action of heat on the 
flavor and odor development in methyloleate occurred in a much smaller 
degree than in the product containing linoleie acid. 


EXPERIMENTAL PROCEDURE 


In these trials, milk from individual cows of the University herd was 
secured, separated and churned with due regard to the prevention of metal 
contamination. The various tests reported in this paper were made on the 
butter oil after the butter had been melted and filtered. 

The stability of the butterfat toward oxidation was measured by an 
accelerated peroxide test. The apparatus used is shown in Figure 1 and is 
essentially the same as that devised in the Swift Laboratories (17) except 
for some adaptations added by the authors (18). The peroxide number was 
determined according to the method proposed by Wheeler (19). The 
Wheeler test was carried out by gently rotating for 1 minute a 250 ee. extrac- 
tion flask containing approximately 5 grams of melted butterfat in 50 ee. of 
a 1:2 mixture of chloroform-glacial acetic acid to which 1 ee. of saturated 
potassium iodide (freshly prepared) had been added. Fifty eubie centi- 
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Fig. 1. APpaRATUS USED FOR MEASURING THE STABILITY OF BUTTERFAT 
TOWARD OXIDATION 


meters of water were then added and the liberated iodine titrated with stand- 
ard sodium thiosulphate solution. The results are expressed as ‘‘ peroxide 
number’’ or ‘‘ peroxide value’’ which may be defined as the number of milli- 
mols of active or peroxide oxygen in combination with one kilogram of oil 
or fat. 


In making stability tests three 20 ee. samples of the same butterfat were 
placed in the oxidation apparatus in succession at hourly intervals and the 
approximate end of the induction period determined by absorbing the vola- 
tile acids carried over by the aeration in an alkaline solution containing 1 ee. 
of N/100 sodium hydroxide. The indicator used was methyl red and when 
it changed from yellow to red in the first of the three tubes, it indicated that 
the sample of fat was beyond the end of the induction period and had a 
peroxide number greater than 10. Since the other two samples had been in 
the apparatus for a shorter period (one and two hours less, respectively) 
they were still in the induction period or nearing the end. All three samples 
were removed at this point and analyzed for peroxides. It was found neces- 
sary to use great care in cleaning the glassware which came in contact with 
the fat in making stability tests. Best results were obtained by thoroughly 
washing the tubes and soaking them in cleaning solution over night, followed 
by leaching in several changes of distilled water over a period of three to 
four days. 
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The stability value of butterfat as used in this paper is defined as the 
number of hours required to oxidize 20 ce. of butteroil at 100° C. to a per- 
oxide value of 10, when air is bubbled through the fat at the rate of 2.33 ee. 
per second. The peroxide value of 10 was selected as an arbitrary value 
indicating the end of the induction period and marking the beginning of the 
period of rapid peroxide formation (23). <A high stability value indicates 
a good keeping quality fat and vice versa. 

The color of the fat was determined by comparison with standard solu- 
tions of potassium dichromate and is expressed as the number of millimols 
of potassium dichromate per liter of solution. 

The refractive index of the fat was measured with a Zeiss butyro-refrac- 
tometer at 40° C. 

The iodine numbers were determined according to the Hanus method. 

The thiocyanogen-iodine number was determined according to the direc- 
tions given by Jamieson (20) except that 0.5 gram of fat and 50 ce. of the 
thioeyanogen solution were used. It was found that in the case of butterfat 
these larger amounts of fat and thiocyanogen solution gave better results. 
These findings are in accord with those of Wiley and Gill (21) who recom- 
mend 0.4 gram samples and 50 ce. of the thiocyanogen solution. 

The percentages of free fatty acids were caleulated according to the fol- 
lowing formulae : 


(X) Per cent linoleic acid = 1.104 (I. No.-—SCN No.) 
(Y) Per cent oleic acid = 1.112 (2 SCN No. No.) 


Per cent saturated acids + unsaponifiable matter = 95.7 — (X + Y) 


In view of the findings of Bosworth and Brown (22), in which they report 
that their attempts to verify the occurrence of ordinary lionleic acid failed 
but that they found other acids with two double bonds and also highly un- 
saturated acids of the arachidonic type, these calculations are probably not 
exact but serve to indicate in a comparative way the amounts of acids with 
unsaturation greater than oleic acid. 


EXPERIMENTAL RESULTS 


A. The Stability of Creamery Butter 


In order to obtain some idea of what could be expected as to the stability 
value of butterfat, a number of butter samples sent to the University Dairy 
Department from various creameries for scoring, as well as the butter from 
the University Creamery, were tested. The stability values as well as the 
seores of the butter are given in Table 1. As might be expected there was no 
direct correlation between the score and the stability value, however, it is of 
interest to note that the lowest scoring sample had the lowest stability value. 
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TABLE 1 
Stability value of various samples of creamery butter 


SAMPLE | | STABILITY VALUE 


University Creamery | 204 
University Creamery 19 
| 8 
204 
210 .. 18 
212 ..... 20 
214 .... 19 
211 14 
14 


From these results it appears that fresh creamery butter has a stability value 
of approximately 20. 


B. Effect of Breed and Individuality of the Cow 


Samples of milk were obtained from a number of cows of the University 
herd while the cows were all receiving the same winter ration. The ration 
was quite characteristic of the average Wisconsin dairy herd ration and is 
given at the bottom of Table 2. 

There appears to be a great deal of variation between the individual cows 
of the same breed and from breed to breed. With the small number of cows 
tested averages have but little value, but it seems quite definite that in 
general the milk fat from the Holstein cows on winter rations was more sus- 
ceptible to oxidation than that from the other breeds. The milk fat from 
most of the Guernsey cows had an exceptionally high stability value, one as 
high as 544. 

No opportunity was afforded at the time to check the stability of the fat 
from day to day as the ration of most of the cows was changed shortly after 
the first samples were obtained. However, two of these cows, M87 and Lotus, 
were kept on winter rations and their fat was again tested after about an 
interval of one month. The fat of M87 showed stability values of 294 and 
15 respectively and that of Lotus 36 and 403. These values would seem to 
indicate that the stability of the fat is subject to variations even though the 
cow is kept on the same ration. 


C. Effect of Feed 


Grass ration—When the cows were placed on a summer ration where 
grass replaced the alfalfa hay and the oil meal was omitted from the grain 
ration, the stability values dropped in all cases except two (see Table 2, cows 
67 and Fuschia) and in these two cases the values obtained for the fat on the 
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TABLE 2 
Effect of breed and individuality of cow 


cow | WINTER RATION | SUMMER RATION 


stability value i stability value 
42 24 
193 264 
Holstein 5 304 243 
M 87 294 
Average 30.4 


404 51 

432 423 

433 31 

Guernsey on 435 41! 

436 544 

Fawn 42 
Average 


Janice 

Quintilla 

Lass 
Average 


Ayrshire 


Fuschia 

Fidelity 

Dora 
Average 


Brown Swiss 


Jersey | Lotus 


Herd Rations 
Winter ration: a Summer ration: 

Alfalfa hay Grass 
Corn silage Corn silage—1 feed 
Grain: Grain: 

500 corn and cob 700 corn and cob 

200 oats 200 bran 

100 oil meal 100 oats 

200 bran 


winter ration seem to be low as compared to those of the other cows. When 
the averages of the cows in the various breeds are compared on summer ration 
the values are so close that it may be concluded that there is no difference. 
A. I. V. silage ration—The fat from another group of cows on A. I. V. 
silage experiments as well as the check cows was tested for stability. The 
results are shown in Table 3. Two cows from each lot were later turned out 
on grass. The fat from three of the A. I. V. silage cows showed excellent 
keeping qualities while the fat from one cow, M86 (Holstein), stood up for 
only 6 hours. A later test (about 1 month) while the cow was on the same 
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BREED 
38 
173 
244 
253 
29 
26 
25.7 
473 294 
52 30 
18 173 
39.2 25.6 
| = 
| 48 27 
463 204 
39.0 24.8 
36 
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TABLE 3 
Cows on A. I. V. silage t 


SOMMER 


rials 


MAY 


JUNE 


BREED A. IL. V. silage 


ration 


| A. L. V. silage 
ration ; no 
grass 


A. V. silage 
and grass | 


stability 
353 
6 
264 


314 


Fair Maid 
M86 
Lassie 


Quintiss 


Brown Swiss 
Holstein 
Guernsey 
Ayrshire 


stability 
354 


stability 


22 
44 


20 


Check Cows 


ise WINTER HERD 
BREED 


WINTER HERD 
RATION 


SUMMER 
RATION 


Lass 
M87 
Fawn 
Lotus 


18 
293 
42 
36 


Ayrshire 
Holstein 
Guernsey 
Jersey 


15 


403 


ration gave a stability value of 22 for the fat. 


turned out on grass the stability of their fat was lowered. 


with what was found with the previous group 


When these test cows were 
This is in accord 
tested. 


No hay ration.—The Jersey eow Gem was on a ration which contained no 


hay during the winter. 


The fat had a stability of 47, later when the ration 


was changed to grass the stability value dropped to 38. 
Wheat ration.—The Holstein cow Ida was on a ration entirely of the 


wheat plant. 


Wheat (whole) ..... 
Wheat middlings 
Wheat bran 
Limestone 

Todized salt 
Wheat straw 


The fat had a stability value of 48. 


Oat ration—The Holstein cow M78 was on an oat ration. 


ration was as follows. 


Oats (whole) 

Oat meal 
Special steamed bone meal 
Iodized salt 

Oat straw . 


The daily ration was as follows: 


8.0 Ib. 
7.0 


se 


The daily 


9.0 lb. 
0.5 
0.2 
12.0 


This cow developed scours during which her milk yield declined rapidly. 
The stability of the fat from this cow was at first 37 and later less than 16. 
The data on the various cows used in these trials are given in Table 4. 
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D. The Relation of Various Fat Constants to Butterfat Stability 


For these trials, eight cows were selected, two from each breed—Guernsey, 
Jersey, Holstein and Brown Swiss. As shown in Table 5, these cows were 


TABLE 5 
Cows used in fat stability tests, 1936 


STAGE IN LACTATION may 5, 1936 


cow BREED AGE | PERIOD AT 
= 
years months pounds 
Dora Guernsey 53 23 | 24 
Chum Guernsey 43 2 24 
Lotus Jersey 53 2 17 
Safety Belle Jersey 9 2 20 
Fuschia . Brown Swiss 9 14 | 27 
Fidelity . Brown Swiss 4} 13 31 
Bess Holstein 33 13 40 
Rosette Holstein 3 1 32 


all in the early stages of their lactation period but differed in their ages. 
The data on the stability values and fat constants of the butterfat are given 
in Table 6. 

Whether carotene acts as an antioxidant or prooxidant is still a debated 
question. The view that carotene acts as a prooxidant is taken by Oleovich 
and Mattill (25) and Greenbank (26), while Monagahn and Sehmitt (27) 
found that carotene greatly inhibited the oxygen uptake of linoleic acid; but 
after the carotene had been oxidized it slightly accelerated the oxygen uptake 
of this acid. From the results reported in Table 6 it may be seen that there 
is no correlation between the carotene content as measured by the color of the 
butterfat and the stability of the fat toward oxidation. 

The iodine and thiocyanogen numbers show that there is a distinct rela- 
tionship between the unsaturation of the fat and its stability. In general, 
the greater the unsaturation the less stable is the fat. When the values for 
the iodine number and thiocyanogen number are plotted against stabilities 
as shown in Figure 2, two distinct curves result ; one for the values obtained 
when the cows were on winter rations and one when they were receiving 
green grass. These results show that even though the fat was more unsatu- 
rated and less stable when the cows were receiving grass the fat was more 
stable for the same degree of unsaturation than when the cows were receiving 
winter rations. The changes brought about by grass were more pronounced 


in the butterfat from cows where the iodine number had been low and the 
stability high when on dry feed. 

As shown in Figure 3, a very close relationship was found to exist between 
the iodine number of buttermilk and its refractive index. 
number of the fat increased the refractive index increased. 


As the iodine 
If refractive 
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indices are plotted against stability values, curves are obtained which are 
similar to those in Figure 2. 

Figure 4 shows the curves obtained by plotting the percentages of oleic 
and linoleie acids against stability of the various samples of butterfat. In 
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Fia. 4. RELATIONSHIP BETWEEN THE AMOUNTS OF OLEIC AND LINOLEIC ACIDS AND THE 
STABILITY OF THE BUTTERFAT TOWARD OXIDATION. 


the case of oleic acid, two distinct curves are produced similar to those in 
Figure 2, one for the fat when the cows were on dry feed and the other when 
the cows received grass. The percentage of linoleic acid appears to be a 
straight line function of the stability of the fat; decreasing as the stability 
of the fat increases. The fact that the linoleic acid values for the butterfat 
from the cows on grass fall on the same curve as the values for the butterfat 
from the cows on winter rations leads to the conclusion that the percentage 
of linoleic acid determines the stability. 


DISCUSSION 


The findings in these trials that the stability of the fat was influenced by 
its unsaturation is in accord with those of Henderson and Roadhouse (12) 
who found that the fat from cows on sub-maintenance rations was more 
unsaturated and more susceptible to oxidation. 

In trials covering the spring periods of 1935 and 1936, the authors have 
shown that when the cows were turned out on grass the fat beeame more sus- 
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ceptible to oxidation. These results seem to be contrary to practical experi- 
ence and scientific observations (1, 9) that the milk from cows on grass is less 
apt to develop oxidized flavors than when on dry feed. These findings lead 
the authors to believe that there are protective substances in milk which be- 
come more plentiful when the cows are on grass and which prevent the oxida- 
tion of the fat even though the separated butteroil is more susceptible to 
oxidation. The presence of protective substances might explain why Frazier 
(15) was unable to determine any difference in the development of a tallowy 
flavor in the milk of cows fed a ration which should have caused the fat to be 
less saturated and more subject to oxidation. 

Although the rations of the cows are included in the data of this paper, 
no attempt was made in these trials to influence the stability of the fat by 
changing the ration of the cow. 

From the data obtained in these trials it is impossible to attribute the 
variations in the stability of the milk fat of the various cows or of the same 
cow at different periods to the age of the cow or the stage in her lactation 
period. 

SUMMARY 


There is considerable variation in the stability of the butterfat toward 
oxidation from different cows and from an individual cow at different times. 

The stability of butterfat toward oxidation bears an inverse relation to 
the unsaturation of the fat. 

The fat from cows receiving grass as part of their ration is less saturated 
and more susceptible to oxidation. 

It appears that the amount of linoleic acid rather than the oleie acid 
governs the stability of butterfat. 

The results point to the presence of protecting substances in milk in in- 
creased amounts when cows are on grass which prevents the development of 
oxidized flavors in milk. 

There is no relation between the carotene content, as evidenced by the 
color of the fat, and the stability of the fat toward oxidation. 

The refractive index of butterfat varies in direct proportion to the iodine 
number of the fat. 
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THE EFFECT OF HOMOGENIZATION AT DIFFERENT TEMPERA- 
TURES ON SOME OF THE PHYSICAL PROPERTIES 
OF MILK AND CREAM 


RANDALL WHITAKER anp L. D. HILKER 
Research Laboratories of Sealtest System Laboratories, Inc., Baltimore, Md. 


The behavior of dairy products homogenized or viscolized at or near the 
pasteurization temperature has been the subject of many papers and the 
effects cf this process on hot milk and cream and other dairy products are 
well known. Considerably less attention has been given to the homogeniza- 
tion of milk and cream at temperatures below the melting point of butterfat. 

Doan (1, 2,3) has reported many changes which occur when homogeniza- 
tion is conducted at 100° F. He has shown (4) that the clumping of the fat 
globules and feathering in coffee is more pronounced when cream is proc- 
essed at 80° F. than at 180° F. Trout, Halloran and Gould (5) have listed 
the properties of milk homogenized at 90° F. Rahn (6) studied the distri- 
bution and size of fat globules in milk homogenized at 68° F. Dorner and 
Widmer (7) found that raw milk held 24 hours and homogenized at 41° F. 
failed to develop a rancid flavor. ‘‘Milk drawn only some hours before 
homogenization became rancid rapidly even if it was cooled to 5° C. (41° F.) 
and homogenized at this temperature.’’ They concluded that milk proe- 
essed at this temperature could not be rightfully called homogenized milk, 
judging from the microscopic appearance. 

It is the purpose of this paper to record the observations made on certain 
properties of milk and cream which were homogenized at various tempera- 
tures from 50° to 175° F. and to show the influence of the temperature his- 
tory of the product prior to its processing. 


EXPERIMENTAL 


Raw whole milk containing 4.0 per cent fat was thoroughly mixed and 
divided into 19 portions. These portions were treated in various ways as 
indicated in Table 1. Two methods of adjusting the milk to the indicated 
temperature were employed. The first consisted of raising the temperature 
of the milk, previously held for 18 hours at 40° F. to thoroughly harden the 
fat, to the homogenization temperature. The heating was done in a careful 
manner, using a heating medium not over 10° above that of the product. 
The second consisted of preheating the milk to 145° F. in order to melt the 
fat and cooling rapidly over a surface cooler to the homogenization tempera- 
ture. One sample was also processed at 175° F. The samples were pasteur- 
ized for 30 minutes at 145° F. immediately after homogenization. Three 
unhomogenized controls were also included in the series, one being the aged 
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raw milk, one being milk pasteurized at 145° F. for 30 minutes and the third 
flash pasteurized at 175° F. All homogenization was conducted at a pressure 
of 3000 Ibs. per sq. in. using a single stage valve. 

Raw 20 per cent cream was treated in the same manner as milk. 

After completion of the work deseribed above, the samples were aged over 
night at 40° F. and then examined as follows: 


Milk 


Microscopic examination. This included recording the average size of 
the fat globules and the extent of the fat globule clumping. The milk was 
diluted with 40 parts of distilled water and a hanging-drop slide prepared. 
About 10 fields were examined. 

Cream volume. The milk was allowed to cream at 40° F. in pint milk 
bottles and the volume of cream determined in percentage after 24 hours. 

Curd tension. Curd tension was determined in duplicate according to 
the method of Hill (8). 

Flavor. The flavor was judged by two experienced judges. 


Cream 


Microscopic examination. This was the same as for milk except a dilu- 
tion of 1 part of cream to 200 parts of water was made. 

Body. The body or viscosity was measured with a Saybolt Viscosimeter 
having a tip orifice diameter of 0.082 inches. The number of seconds required 
to fill a 60 ee. flask at 50° F. was recorded. 

Feathering in coffee. Coffee was prepared by mixing 40 grams of freshly 
ground coffee and 500 ce. distilled water, bringing the mixture to the boiling 
point. After filtering, the coffee was held in test tubes in a boiling-water 
bath until ready for use. One ce. of cream was added to 20 ce. of hot coffee 
and observed for feathering. 

Skim layer. The depth of skimmilk layer which formed on the bottom 
of a pint bottle of cream, after standing over night at 40° F. expressed in 
inches was termed the skim layer. 

Flavor and color. These were judged by two experienced judges. 


RESULTS 


The observations made on a typical sample of milk, treated as described 
above, are recorded in Table 1. Table 2 contains the data collected on a 
typical sample of 20 per cent cream. It will be seen that the temperature 
of processing had an influence on all of the factors studied. It will also be 
seen that the effects noted depended in some cases on whether the milk was 
adjusted to the processing temperature by raising the temperature from 40° 
F. or by lowering it from 145° F. 
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Milk (Table 1) 


Size of fat globules. Using milk which has been held over night to harden 
the fat, homogenization at 50, 60 and 70° F. failed to alter the size of the 


TABLE 1 
The influence of the temperature of homogenization on some of the physical properties of 
whole (4%) milk. Homogenization was at a pressure of 3000 lbs. per sq. in. 
using a single stage valve. After homogenizing the milks were pasteurized 
for 30 minutes at 145° F. and aged 18 hours at 40° F. 


| 
| 


| AVERAGE | | | 
HOMOGE- TEMPERATURE | SIZE FAT BP | 
Seen | HISTORY OF FAT GLOBULE | CREAM CURD FLAVOR 
TEMPERA- | MILK | VOLUME | TENSION | 
TURE | | BULES | 
microns | % gms. 
50 | Held over night at 40° 3-9 - 11 45 Good 
Heated at 145° & cooled 3-9 | - 6 45 Good 
60 | Held over night at 40° 3-9 - 3 40 Good 
| Heated to 145° & cooled 3-8 - 3 40 Good 
70 =| Held over night at 40° 93-9 - 3 45 Good 
Heated at 145° & cooled 3-6 - 0 35 Good 
80 | Held over night at 40° 3-6 - 3 38 Slightly off 
| Heated to 145° & cooled 25 | ~ 0 30 Good 
90 | Held over night at 40° 3-6 - 0 30 Rancid 
| Heated to 145° & cooled 2-5 - 0 30 Good 
100 | Held over night at 40° 2-5 - 0 28 Rancid 
| Heated to 145° & cooled 1-3 © + 0 30 Good 
| 
120 | Held over night at 40° 1-3 a 0 25 Good 
| Heated to 145° & cooled 1-3 ~ 0 25 Good 
145 Heated from 40° 1-3 - 0 25 Good 
175 Heated from 40° 1-3 : 0 28 Cooked 
Unhomogenized raw milk control 3-9 ++ 22 50 Good 
Unhomogenized pasteurized 
(145° F.) control 3-9 + 23 45 Good 
Unhomogenized pasteurized 
(175° F.) control 3-9 ~ 3 20 Cooked 
Key: —=none 
+= slight 
++ = definite 


+++ = pronounced 
++++ = extreme 


globules. At 80° there was a slight subdivision and at 100° F. more notice- 
able subdivision was noted. At 120° and 145° F. the globules were very 
small. When the milk had been heated to 145° F. to melt the fat very small 
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globules were obtained when homogenizing temperatures of 145°, 120° and 
100° F. were employed. At 90° F. and 80° F. noticeable subdivision was 
observed, while below these temperatures there was relatively little change 
in size of the globules. 

Fat globule clumping. No clumping of the fat globules was noted under 
the microscope in any of the homogenized milk samples processed at 90° F. 
or less. Very slight clumping was noted above 100° F. 

Cream volume. Homogenization at temperatures of 90° F. and above 
eliminated the cream line. It was destroyed at a lower temperature (70° F.) 
when the milk had been first warmed to 145° F. to melt the fat and then 
cooled to the homogenizing temperature. Marked reduction in cream volume 
was noted on all of the homogenized samples and in the unhomogenized con- 
trol heated to 175° F. 

Curd tension. A reduction in curd tension was observed whenever the 
homogenizing temperature was 90° F. and above. More effective reduction 
in curd tension was obtained by cooling down to the homogenizing tempera- 
ture than by warming up. Merely heating to 175° F. also reduced the curd 
tension. 

Flavor. The only off flavor, other than cooked taste caused by high tem- 
perature, was the rancid flavor which is generally assumed to be the result 
of hydrolysis of the fat by the enzyme lipase. Rancidity develops to a much 
greater extent in raw homogenized milk than in unhomogenized milk because 
of the greater fat surface exposed to lipolytic action (7). In this experiment 
the surface of fat exposed was sufficiently increased in the samples homoge- 
nized at 80°, 90° and 100° F. to bring about this flavor defect. Apparently 
heating to 120° F. or higher rendered the enzyme inactive. Temperatures 
below 80° F. did not provide sufficient surface to bring out the flavor. 


Cream (Table 2) 


Size of fat globules. In the samples homogenized at the lower tempera- 
tures great irregularity in fat globule size was noted. Because of the fre- 
quency of globules having a diameter of approximately 15 microns, it seems 
probable that there was some coalescence of the fat globules. As the tem- 
perature of homogenization was raised the tendency to produce small fat 
globules was increased, depending on the previous temperature history of the 
sample. A minimum temperature of 90° F. was required to produce notice- 
able subdivision of the fat globules, when the chilled cream had been warmed 
from 40° F.; whereas a minimum of 80° F. was sufficient to produce equiva- 
lent results when the cream had been preheated to 145° F. Very little 
clumping was noted in the unhomogenized samples. 

Fat globule clumping. Again the previous temperature history of the 
sample influenced the minimum temperature at which homogenization pro- 
duced fat globule clumping. Some clumping was observed at 80° F. when 
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the cream had been previously chilled, while cream cooled to 50° F. from 
145° F. exhibited some clumping upon homogenization. Above these mini- 
mum temperatures homogenization caused extreme clumping. 

Body. The temperature of homogenization very markedly influenced the 
body. This more or less paralleled the fat globule clumping. A slight de- 
erease in viscosity as compared to the unhomogenized control was observed 
in those samples which had been prepared from chilled cream and homoge- 
nized at low temperatures. 

Feathering in hot coffee. The temperature of homogenization had a very 
pronounced effect upon the feathering of the cream in coffee. Feathering 
was noted in all the homogenized samples except at 50°, 60° and 70° F. when 
the cream had first been held over night at 40° F. No feathering was noted 
in any of the controls. 

Skim layer. The temperature of homogenization had little effect on the 
skim layer. 

Flavor. Aside from a slight cooked or heated cream flavor in the samples 
heated to 175° F., there was no pronounced difference in flavor among the 
samples. A slight off flavor was noted in the samples homogenized raw at 
90° and 100° F.; however, unlike the homogenized milk, this flavor was not 
definitely identified as rancid. ; 

Color. Homogenization at all temperatures had an effect upon the color 
of the cream as compared to the controls. A decrease in color paralleled the 
effectiveness of homogenization. 


DISCUSSION 


Data have been presented to show that homogenization at temperatures 
ranging from 50° to 175° F. has a marked influence on various properties of 
milk and cream. For good homogenization, as evidenced by extensive sub- 
division of the fat globules, it is apparently necessary to have the fat in a 
more or less liquid state. This condition always exists when the processing 
temperature is 100° F. or higher. When temperatures below those usually 
employed were used the method of adjusting the temperature was found to 
affect the results. From the data presented in this paper it is possible to 
speculate as to the condition of the butterfat at the various temperatures 
used. Table 3 summarizes the conclusions drawn in this regard. 

An interesting observation made in connection with this research was in 
the homogenization of cream at 70° F. Two lots of 20 per cent cream at 
70° F. were prepared, one lot having been adjusted to this temperature after 
aging at 40° F., and the other heated to 145° F. and then cooled to 70° F. 
Various proportions of these two lots of cream were immediately mixed and 
homogenized a* a pressure of 3000 lbs. per square inch. Microscopic exami- 
nation of these homogenized creams showed both homogenized and unho- 
mogenized fat globules, the amounts of each roughly paralleling the propor- 
tion of liquid to solid fat as determined by the source of cream. The extent 
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TABLE 3 
The condition of butterfat in milk and cream at various temperatures ranging from 50° to 
175° F. as influenced by the temperature history. The condition of the 
fat was indicated by the properties of the homogenized product 


TEMPERATURE HISTORY OF PRODUCT 


HOMOGENIZING 
TEMPERATURE Aged at 40° F. before Heated to 145° F. before 
| homogenization homogenization 
50 solid solid 
60 solid soft 
70 solid soft 
80 soft liquid 
90 soft liquid 
100... liquid liquid 
120 liquid liquid 
145 liquid liquid 
175 liquid liquid 


of fat globule clumping, feathering, and the viscosity were governed by the 
proportion of liquid fat in the homogenized mixture. 


SUMMARY 


1. Data are presented on several properties of milk and cream as influ- 
enced by single-stage homogenization at a pressure of 3000 lbs. per square 
inch at various temperatures ranging from 50° to 175° F. 

2. The butterfat in milk and cream must be liquid or in a relatively soft 
condition in order to obtain, upon homogenization, changes in the recorded 
properties. 

3. The condition of the butterfat existing in .vilk and cream immediately 
after adjustment to temperatures between 60° and 90° F. depends upon the 
temperature treatment of the product prior to its adjustment to these tem- 
peratures. 

REFERENCES 

(1) Doan, F. J. Critical preheating temperatures for inhibiting rancidity in homogenized 
milk. Milk Dealer 23(2): 40. 1933. 

(2) Doan, F. J., AND Minster, C. H. The homogenization of milk and cream. Penn. 
Bulletin No. 287. 1933. 

(3) Doan, F. J. Some factors affecting the fat clumping produced in milk and cream 
mixtures when homogenized. Jour. DAtry Scr. 12: 211. 1929. 

(4) Doan, F. J. The relation of feathering and heat stability of cream to fat clumping 
produced by homogenization. Jour. Dairy Sct. 14: 527. 1931. 

(5) Trout, G. M., HALLorAN, C. P., anp GouLp, I. The effect of homogenization on some 
of the physical and chemical properties of milk. Mich. Tech. Bulletin Wo. 145. 
1935. 

(6) Rawn, O. Milchwirtschaft. Forsch. 2: 382. 1925. 

(7) Dorner, W., AND WipMer, A. Homogenization and milk rancidity. Milk Plant 
Monthly 21(7): 50. 1932. 

(8) Hitt, R. L. Soft curd milk. Utah Bulletin No. 227. 1931. 


a 

: > 


American Dairy Science Association Announcements 


THIRTY-SECOND ANNUAL MEETING, UNIVERSITY OF 
NEBRASKA, LINCOLN, NEBRASKA AGRICULTURAL 
COLLEGE CAMPUS, JUNE 22-25, 1937 


GENERAL INFORMATION 


Lincoln is a city of 80,000 people, the capital of the State of Nebraska. 
Within the city or in its environs, are located the University of Nebraska, 
Nebraska Wesleyan University, and Union College. Morrill Hall, the mu- 
seum of the University of Nebraska, has the finest collection of fossil ele- 
phants in the world and is one of the good museums of natural history in the 
United States. The Nebraska State Capital is considered by architects one 
of the most outstanding buildings in America. Lincoln is located on the 
main line of the Burlington Railway between Chicago and Denver, and on 
the main line of the Rock Island between Chicago and Kansas points. It is 
also served by the Union Pacific, Northwestern, and Missouri Pacific. High- 
way U. S. 6, the cross continental highway, runs through Lincoln and U. 8. 
77 carries traffic north and south. Main highways from Lincoln lead to the 
Yellowstone and Rocky Mountain National Parks and to the Black Hills. 
The lake region of Minnesota can be reached easily by good highways. 


HOUSING 


Those attending the meetings can obtain accommodations at the hotels of 
Lincoln. Each member of record last fall will be sent a list of hotels show- 
ing the kind of accommodations that can be obtained, for one or for a party. 
In addition to the hotels, accommodations may be obtained for the men at the 
Y. M. C. A. and at the Alpha Gamma Rho house. To facilitate the housing, 
it is requested that reservations be made through Prof. H. P. Davis, Dairy 
Husbandry Department, University of Nebraska, Lincoln, Nebraska. As 
soon as the hotel has confirmed the reservation notification will be sent out. 
The cost of rooms will vary from .75¢ to $2.50 per day depending upon the 
accommodations. 
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ABSTRACTS OF LITERATURE ON MILK AND MILK 
PRODUCTS 


BACTERIOLOGY 


125. New Germicidal Rays Retard Mold Growth. Ice and Refrig. 19, 1, 
p. 1, July 1936. 

The Westinghouse Lamp Co., Bloomfield, N. J. has announced a new low- 
wattage gaseous conductor device which produces radiations germicidal to 
mold spores in the air. Its trade name is Sterilamp. It consists of a 
slender glass tube containing a small quantity of special gas. Electricity 
sent through the tubes produces the germicidal rays. Thus far the appa- 
ratus has been used only in the process of ‘‘tenderizing’’ meat. The cost of 
operation is low, and air passing through ducts where the lamps are located 
reaches a high degree of sterility. The radiations tend to kill houseflies 
after several minutes’ exposure, and fruit-flies, roaches, grain weevils refuse 
to enter the area of exposure. The article makes no mention of any effect 
upon human beings. L.C.T. 


126. Studies on the Bactericidal Action of Bovine Whole Blood and 
Serum Towards Brucella Abortus and Brucella Suis. M. R. 
Irwin, B. A. Beacn anv F. N. Bex, University of Wisconsin, 
Madison. J. Inf. Diseases 58, p. 15, Jan.—Feb. 1936. 
Experiments were conducted on cattle that had recovered from infection 
with Brucella abortus and on those that had not been infected in the hope 
that differences might be found in the bactericidal action of blood or serum 
from the two groups of animals and that the resistance of an animal to infec- 
tion might be predicted from a test on the bactericidal action of the blood. 
It was found that bovine serum normally contains bactericidins for 
Brucella abortus and is slightly more active in this respect than the cor- 
responding whole blood. There is a difference between animals in bac- 
tericidal activity of serum or blood, but each animal showed uniformity in 
reaction at different times. The animals that had recovered from a previous 
infection with Brucella abortus showed a loss in the bactericidal properties 
of the blood as compared to that of presumably normal animals. 
Bovine whole blood exerted no bactericidal effect on Brucella swis and 
the serum had less effect than on Brucella abortus. W.C.F. 


127. Comparative Observations on Streptococci from Human Gastro- 
Intestinal Ulcerations and from Bovine Mastitis. Jonn C. 
TorREY AND Montu, Cornell University Medical Col- 
lege. J. Inf. Diseases 58, p. 105, Jan—Feb. 1936. 

‘‘A comparative study was made of authentic strains of the Bargen 
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diplo-streptoeoecus of ulcerative colitis, of selected enterococci associated 
with the same disease, of representative strains of Saunders’ streptococcus 
of gastro-duodenal ulcers and of streptocoeci associated with bovine 
mastitis.’’ 

**Biochemical and serological tests indicated only exceptionally any re- 
lationship between the streptococci associated with ulcerative processes in 
the human gastro-intestinal tract and Streptococcus mastitidis of bovine 
origin. On the other hand, three streptococcal strains from mastitis milk 
not related culturally or serologically to Streptococcus mastitidis, exhibted 
such relationships to two enterococcus strains from ulcerative colitis and to 
certain of the Saunders peptic ulcer and carcinoma strains. These and 
other findings suggest a bovine origin for certan enterococcus-like organisms 
capable of invading human tissues.’’ W.C.F. 


128. Clinical Aspects of an Outbreak of Typhoid Fever. 8S. W. Smiru. 
Lancet 231, p. 1450, Dec., 1936. 

In August and September, 1936 an outbreak of typhoid fever occurred 
in three neighboring communities in Dorset and Hampshire, England. 
During the course of the epidemic there were 523 reported cases and 41 
deaths. 

The cause of the epidemic was an infected raw milk supply from one 
dairy. On August 22nd this milk was pasteurized, and in three weeks the 
outbreak had ceased. 

Since the epidemic was milk-borne, children were the greatest sufferers, 
the disease being most common among those between the ages of 10 and 35. 

The author discusses the symptoms, prognosis, and treatment of the 
disease. Pure milk is the principal food employed in building up the 
patient. J.A.T. 

BUTTER 
129. Testing Cream and Butter for Extraneous Matter. Rosert P. 
Myers, AND RaNDALL WHITTAKER, Am. Creamery and Poultry 
Prod. Rev. 79, 15, p. 502, Feb. 13, 1935. 

For preparation of butter samples for filtration and sediment test the 
authors advise that either N/20 hydrochloric or sulfuric acid is preferable 
to 4 per cent borax solution. For filtering, 100 x 100 nainsook cloth from 
fibers 6/1000 of an inch in diameter was found best. The size cloth con- 
sidered best is 1.8 square inches or a circle 14 inches in diameter. No sedi- 
ment tester now on the market contained all the desirable features such a 
tester should have. Sediment discs may be mounted wet on cards and filed 
in envelopes of cellophane or pliofilm or on small squares of glass. P.S.L. 


130. A Cream Denaturant. W. F. JENseN, Am. Creamery and Poultry 
Prod Rev. 79, 9, p. 293, Jan. 2, 1935. 
In order to color condemned cream, the author recommends the use of 
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erythrosine, a certified food color, at the rate of one gram for ten gallons of 
cream. The color is harmless. It costs $17.00 per pound, this amount 
being sufficient to color 4540 gallons of cream. P.S.L. 


Other abstracts of interest are numbers 125, 134, 139, 140, 141, 143, 144, 
145, 146, 147, 148, 151, 152, 153, 154, and 155. 


CONCENTRATED AND DRY MILK 


Abstracts of interest in the concentrated and dry milk industry are 
numbers 125, 131, 134, 137, 139, 140, 141, 148, 144, 145, 146, 147, 148, 
149, 151, 152, 153 and 154. 

FOOD VALUE 
131. Vitamin G Concentrate. G. C. Suppier, Borden Co., New York City, 
Am. Creamery and Poultry Produ. Rev. 80, 10, p. 317, July 10, 
1935. 

Dr. Supplee’s announcement of the production of the first concentrate of 
vitamin G is important to health authorities interested in the prevention of 
pellagra. This disease is common to the South, the number of cases in 1932 
amounting to 15,643 and deaths 4,134. Principal sources of vitamin G have 
been yeast and liver. Vitamin G is shown to consist of two components, 
one identified as lactoflavine, the growth promoting factor, and the other, 
as yet unnamed, is considered the anti-pellagra factor. The two may be 
isolated from whey or concentrated whey. Lactoflavine is present in whey 
to the extent of 3 to 5 parts per million. The presence of vitamin G is de- 
termined by ultra violet rays, the product in a dark room showing a brilliant 
yellow fluorescence, even in minute quantities. To date whey appears to 
be the cheapest source of the vitamin. P.S.L. 


ICE CREAM 
132. The Association’s Year. Roserr (. Hissen, Intern, Assoc. Ice 
Cream Mfgrs., Washington, D. C. Proce. 36th Ann. Cony. Intern. 
Assoc. Ice Cream Mfgrs. 1, p. 19, Oct. 1936. 

The work of the International Association of Ice Cream Manufacturers 
is herein outlined. The association attempts to serve a twofold purpose; 
one is the direct service it gives to the association members and the other 
the service rendered to the industry as a whole. During the past year one 
of the main activities of the association has been to work in the interests of 
the ice cream industry whenever Federal or State legislation affecting the 
industry is pending. 

Another function of the association is to work with the National Bureau 
of Standards for simplified practices regarding ice cream cups, cartons, 
cans, and brick molds. 
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During the past year the Merchandising Bureau of the Association was 
changed to a separate corporate body to be known as the Ice Cream Mer- 
chandising Institute, Inc. The regular publication of the Merchandising 
Institute is the ‘‘Spinning Wheel.’’ Two other publications of ‘‘Merchan- 
dising Helps’’ have been issued during the year. M.J.M. 


133. What’s Ahead for our Industry? W. R. Cammack, Crescent Cream- 
ery Co., St. Paul., Minn. Proe. 36th Ann. Conv. Intern. Assoe. Ice 
Cream Mfgrs., 1, p. 30, Oct. 1936. 

The volume of ice cream sales for the past year was the highest since 
1929. Against this the cost of ingredients has increased and the tax burden 
has become heavier. A program of education by the industry is suggested 
as a means of acquainting legislative bodies as well as the public with the 
relation of the industry to the farmer and the consumer. 

The new Revenue Laws, the Social Security Act, and other pieces of 
legislation make it imperative that a good system of accounting be used by 
all manufacturers. The Uniform System of Accounting of the Interna- 
tional Association of Iee Cream Manufacturers meets this need. M.J.M. 


134. Drought and the Dairy Outlook. H. A. Ross, The Borden Co., New 
York, N. Y.. Proce. 36th Ann. Conv. Intern. Assoc. Ice Cream 
Mfgrs. 1, p. 34, Oct. 1936. 

The dairy outlook for 1932 and 1936 is compared. In 1932 practically 
every factor tended toward an oversupply of milk with a consequent low 
cost for the raw products used in ice cream mix. The number of milk cows 
was increasing and consumption of dairy products was decreasing. This 
situation brought about price cutting and distress sales. 

The situation in 1936 is much improved. The cow cycle reached its 
peak in 1934 and has since declined about 5 per cent. For the next few 
years there will be a decrease in the ratio of cows to the population consum- 
ing dairy products. Employment in the manufacturing industries has risen 
34 per cent since 1932. Payrolls have increased even more than re-employ- 
ment. These and other indices point to a greater demand for dairy prod- 
ucts and a higher raw products cost for ice cream manufacture. The ice 
cream maker can expect less competition from low priced ice cream. On 
the other hand, he must be alert, otherwise the cost of raw products will 
inerease more rapidly than his selling price, thus wiping out profits. 

M.J.M. 


135. The Kentucky Ice Cream Tax. Careton Batu, Hughes and Co., 
Lexington, Ky. Proce. 36th Ann. Conv. Intern. Assoc. Ice Cream 

Mfgrs. 1, p. 52, Oct. 1936. 
A tax of 28 cents per gallon was placed on ice cream by the state legis- 
lature of Kentucky in May, 1936. A comparison of ice cream sales in Ken- 
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tueky since the passage of the tax law with sales in neighboring states not 
so affected indicates a loss of approximately 50 per cent in sales of com- 
mercial ice cream. An association for repeal of the ice cream tax was in- 
eorporated in June, 1936. The association has two suits in the courts 
against the tax; one is so drawn that it can be carried to the United States 
Supreme Court if necessary. 

Committee comments: This law has been repealed. M.J.M. 


136. Modern Methods in Ice Cream Making. H. C. Guitp, Vilter Mfg. 
Co., New York City. Ice and Refrig. 91, 3, p. 230, Sept. 1936. 
The object of the paper is to describe that part of the ice cream industry 
which is of interest to the refrigerating engineer. Interesting historical 
information is included. A readily understandable discussion of operating 
difficulties in connection with direct expansion freezers is given. The 
advantages of stage compression are pointed out. The volumetric efficiency 
of compressors is clearly and simply described. L.C.T. 


Other abstracts of interest are numbers 125, 131, 134, 137, 139, 140, 141, 
143, 144, 145, 146, 147, 148, 149, 151, 152, 153 and 154. 


MILK 


137. Maintaining the Freshness of Milk. The Hofius Process. Milk 
Industry 17, p. 45, Nov. 1936. (This article was an abstract from 
Deutsche Bergwerks Zeit. of Oct. 11, 1936). 

The process discussed in this paper was discovered by Hofius in 1935 and 
deals with the preservation of milk by placing it under a pressure of ten 
atmospheres of oxygen. By this procedure it is claimed that milk could be 
kept fresh for at least five and one-half weeks. 

The process consists of placing milk in stainless steel tanks admitting 
oxygen under ten atmospheres’ pressure and shaking the container. The 
oxygen, together with the atmospheric air, is allowed to escape from an out- 
let cock; then a second charge of oxygen under a pressure of ten atmos- 
pheres is admitted and retained. 

Milk that has received no pretreatment prior to the treatment with 
oxygen must be stored at a temperature not exceeding 8° C. in order to 
retain its freshness. 

Professor Richter, of Kiel University, discovered that a pre-treatment 
of heating the milk to 58° C. for three hours would enable the milk to retain 
its freshness regardless of storage temperatures. 

It is also stated that pre-treated and pressure treated milk retains its 
freshness after leaving the container for about twenty-four hours longer 
than will milk treated according to present day accepted practices. 

In Venezuela, milk tanks filled by this process and used on ships 
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travelling to Africa and twice crossing the equator were found to have their 
milk contents unchanged after several weeks. 

The process is covered by forty-one patents. 

Committee Comments: There are several American patents that have 
been granted for the preservation of milk with oxygen. Patent (U. 8.) 
No. 361045, dated April 12, 1887, and No. 1007046, dated Oct. 31, 1911, per- 
tain to the use of oxygen under pressure. Patent No. 626486, dated June 6, 
1899, relates to a process in which both oxygen and carbon dioxide are used 
under pressure. 

The preservation of milk under carbon dioxide pressure is described in 
a Bulletin 202 of the New York Agricultural Experiment Station, 1907. 

L.H.B. 


138. What is Wrong with Milk Distribution? Lancet 231, p. 1406, Dec. 
12, 1936. 

In a review of the Report of Reorganization Commission for Great 
Britain, issued by the Ministry of Agriculture and Fisheries, the Lancet 
points out that milk marketing boards have done excellent work but their 
full utility cannot yet be assessed. Producers and distributors have bene- 
fitted, but the retail cost to consumers has been raised, despite a slight 
increase in consumption, which has been meager in view of the efforts con- 
dueted to stimulate the use of milk. 

The commission proposes that a permanent milk commission of five 
members be created to develop the industry, fix prices, and control any 
State milk subsidy, and it recommends that such a subsidy be granted to 
enable liquid milk prices to be relieved from their part payment of manu- 
factured articles. 

The commission’s report is criticized for failure to realize how intimately 
the safety of milk is involved in its greater production and use, and for fail- 
ure even to mention pasteurized milk. ‘‘ Whatever methods are adopted for 
marketing milk,’’ said the Lancet, ‘‘the position will remain unsatisfactory 
until a safe milk-supply is provided.’’ J.A.T. 


139. Keep Cans Clean and Sterile. M. W. Yaue, Geneva, N. Y. Am. 
Creamery and Poultry Produ. Rev. Vol. 80, 10, p. 317, July 10, 
1935. 

In the production of low count milk, it is unnecessary to resterilize milk 
cans at the farm if the dealer, milk hauler, and dairy farmer cooperate 
properly. This cooperation consists of thorough washing, steaming, and 
drying at the plant, prompt delivery by the hauler, and prompt removal of 
can covers and inversion of the cans and storage in a dry place away from 
dust by the farmer. By following this. procedure cans will add no more 
than 10 bacteria per cubic centimeter to milk. Handled otherwise the count 
may be increased by millions. P.S.L. 
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140. Beet Tops and Milk Flavor. G. M. Trout anp G. E. Tayvor, Mich- 
igan Agr. Exp. Sta. Quarterly Bul. Vol. 18, 1, Aug. 1935. 

In this study 1700 samples of milk from cows fed beet tops were exam- 
ined. The flavor was affected noticeably when 25 pounds or more of beet 
tops were fed and in those cases where the tops were fed alone. Aeration 
of milk reduced the off flavor and pasteurization changed the character of 
the flavor. The off flavor of milk produced by feeding beet tops was 
especially disagreeable only in those cases where excessive quantities were 
fed, where the tops were of poor quality, or where frozen. It would seem, 
from this study, that when good feeding practices are followed, no trouble 
need be experienced from the normal feeding of good quality beet tops. 

P.S.L. 


141. Influence of Acids, Cleaners, Sterilizers, and Brines on Metals. 
O. F. Hunziker, Blue Valley Creamery Co., Chicago, Illinois. Am. 
Creamery and Poultry Prod. Rev. 80, 15, p. 494, August 14, 1935. 

The author discusses metals, plated metals, metallic alloys and metallic 
veneers used in dairy equipment. Glass enamels and 18-8 stainless steels 
are recommended. For removal of milk stone the author advises washing 
the utensil at 150° F. with water containing one-half of one per cent tartaric 
acid. Corn sugar is also a solvent of milk stone and may be so used. As 
dairy sterilizers only the slow-setting hypochlorites may be safely used on 
the usual metals used in equipment. Copper appears to be the best metal 
known for resistance to corrosion by brine. Tendencies toward corrosion 
may be reduced to a minimum by adding caustic soda until the brine 
becomes slightly alkaline. The addition of sodium chromate will further 

reduce brine corrosiveness. P.S.L. 


142. Flavored Milk Drinks vs. Flavored Water Drinks. M. 0. Maneuan, 
American Dairy Foundation. Am. Creamery and Poultry Prod. 
Rev. Vol. 79, 25, p. 912, April 14, 1935. 

In this summary of advantages of milk drinks over other soft drinks, 
milk distributors are advised to sell chocolate milk in competition with the 
soft drinks but not in competition with whole milk; to partially defeat the 
milk in order to compete in price with soft drinks; and to use prepared 
syrups so as to insure uniformity of flavor, speed the processing, and the 
elimination of spoilage. P.S.L. 


Other abstracts of interest are numbers 125, 126, 127, 128, 131, 134, 143, 
144, 145, 146, 147, 148, 149, 151, 152, 153, and 154. 


MISCELLANEOUS 


143. Trends in Industrial Taxation. E.uswortu C. Atvorp, Washington, 
D. C. 36th Ann. Conv. Intern. Assoc. Ice Cream Mfgrs. 1, p. 40, 

Oct. 1936. 
A thorough presentation of Federal receipts and expenditures, and re- 
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cent developments in taxation, is given in this paper. The author predicts 
higher levels for industrial taxation in the near future. M.J.M. 


144. The Robinson—Patman Law. Epwin B. Georce, Dun and Brad- 
street, New York City. Proce. 36th Ann. Conv. Intern. Assoc. Ice 
Cream Mfgrs. 1, p. 62, Oct. 1936. 
The provisions of the Robinson—Patman Law and their effect on business 
are discussed with considerable detail in this paper. M.J.M. 


145. Accomplishing Results in Employer-Employee Relations. WaLTer 
B. WEISENBURGER. National Association of Manufacturers, New 
York City. Proc. 36th Ann. Conv. Intern. Assoe. Ice Cream 
Mfgrs. 1, p. 83, Oct. 1936. 

The National Association of Manufacturers is attempting to improve 
employer-employee relationships. One method now employed is a public 
information program by means of the press and radio. The other is to 
educate the employee about his relationship to the industry which he serves. 

M.J.M. 


146. New Air Conditioned Dairy Plant at Houston, Texas. Ice and 
Refrig. 90, 5, p. 349, May, 1936. 
A brief description of the new $200,000.00 plant includes the dairy 
machinery as well as the air conditioning equipment. L.C.T. 


147. Fibrous Glass For Insulation. Ice and Refrig. 90, 5, p. 365, May, 
1936. 

The Corning Glass Company after eleven years of research has been able 
to manufacturer a well felted flexible mass resembling cotton but possessing 
the chemical stability characteristics of glass. The fibres have a diameter 
ranging from 1/7 to 1/50 of that of human hair. The thermal coefficient 
ranges from 0.266 B.T.U. per sq. ft. per degree F. per hour per inch of 
thickness at 70° F. mean temperature and 14 lbs. per cubic foot, to about 
0.60 B.T.U. at the higher temperatures for which the material is recom- 
mended and 6 pounds per eubie foot density. The material is acid proof 
(except for hydrofluoric), vermin proof, weather proof, and will withstand 
temperatures up to 1000° F. L.C.T. 


148. Air Cleaning Equipment and its Operation. H. C. Murpuy, Am. 
Air Filter Co., Louisville, Ky. Ice and Refrig. 91, 1, p. 67, July, 
1936. 

This is an interesting résumé of investigations on air pollution and its 
influence on health. Data are included giving the kind and amount of dust 
in the air of various cities. Specifications are included for satisfactory air 
filters and their use, as well as brief descriptions of various types of equip- 
ment. L.T.C. 
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149. Methods and Systems of Defrosting. Ice and Refrig. 91, 2, p. 25, 
Aug., 1936. 

Ice and Refrigeration carries only a brief review of a paper presented 
by Siegfried Ruppricht, consulting engineer of N. Y. city, at the spring 
meeting of the A.S. R. E. In the original paper, twenty different methods 
of defrosting and nine different methods of controlling them were described. 
Some are listed below :— 

Picking and scraping. 

Increasing pressure in the evaporator and releasing it suddenly. 
Spreading brine over frost, and washing away. 

Pouring water over thickly frosted coils. 

Use of electric heaters. 

Shutting circulation off the frosted coil. 

Reversing the cycle. L.C.T. 


150. Securing Carbon Dioxide with Converters. Roy E. McIurars, 
Stanley Knight Corp. Ice and Refrig. 91, 5, p. 355, Nov., 1936. 

An interesting side line to dry ice is the use of converters for securing a 
cheap, pure carbon dioxide gas for any purpose. The price of dry ice has 
steadily declined during recent years because the production of this com- 
modity has increased from 340,000 Ibs. per year in 1925 to 230,000,000 Ibs. 
in 1935, and because its production has become a by-product of many plants. 
Whereas dry ice can be purchased at 3 cents per lb. in 50 Ib. lots, liquid 
carbon dioxide is selling for 6 cents per lb. The difference in cost is largely 
due to handling charges and overhead. L.C.T. 
151. An Analysis of Absorption Systems. A. B. Stickney. Ice and 

Refrig. 90, 5, p. 322, May, 1936, 90, 6, P. 395, June, 1936, 91, 1, p. 
3, July, 1936, 91, 2, p. 93, Aug., 1936. 

The first of the series of four articles includes a chart giving the thermal 
properties of ammonia-water solutions. The chart is the result of conver- 
sion into English units from data reported by German investigators. 

The second article includes a diagram of a simple absorption system as 
well as tables showing conditions existing at each point of the cycle. <A de- 
tailed discussion of the thermodynamics of the system is included. 

The third article continues the discussion begun in the second, covering 
combinations of auxiliary, and a derivation of complete heat balance as a 
guide to method of analysis. 

The last article includes a discussion of the advantages of the compound 
eyele. L.C.T. 


152. The Cold Storage Locker Business. Warp E. Guest. Ice and 
Refrig. 91, 4, p. 280, Oct., 1936. 

During the past five years approximately 1500 cold storage locker plants 

have been put into use. To give adequate service to its patrons, a plant 

must have an adequate chill room with full butchering equipment, a sharp 
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freeze room with a temperature of —-10° F. It should also be equipped for 
curing meat. This room should be kept between 36° and 38° F. Lockers 
should be provided with built in locks and should also be removable for 
cleaning. Entrance to lockers should be so arranged that the attendant may 
see everyone who comes and goes, so that no unfrozen products are placed 
in the lockers. The cutting room may well serve as an ante-room to the 
lockers. Cold storage plants may be operated in connection with local 
dairies. L.C.T. 


153. New Diesel Power Unit Reduces Operating Costs. Ice and Refrig. 
91, 5, p. 401, Nov., 1936. 

A brief description is given of a 4 cylinder 77 hp. caterpillar Diesel unit 
in acombined creamery and ice plant at Pittsfield, Ill. A table of operating 
costs indicates that on a limited output of 9 tons ice per 24 hours with pur- 
chased power, the cost per ton of ice was $2.74, whereas in the present setup 
with capacity of 14.4 tons per 24 hours the cost per ton of ice is $.85 due to 
lesser power fluctuation. Additional savings result from the use of the 
Diesel engine for generating power for the dairy plant. L.C.T. 


154. Carbon Dioxide in Its New Field of Usefulness. J. C. Grossman. 
Ice and Refrig. 90, 2, p. 147, Feb., 1936, 90, 3, p. 219, Mar., 1936, 
90, 4, p. 289, Agr., 1936, 90, 5, p. 359, May, 1936, 91, 1, p. 58, July, 
1936, 91, 2, p. 137, Aug., 1936, 91, 3, p. 218, Sept., 1936, 91, 4, p. 
304, Oct., 1936, 91, 5, p. 304, Nov., 1936. 

This is a continuation of a series of articles, publication of which was 
temporarily suspended in July, 1931. Developments since that date are 
covered. A great mass of historical information as well as patent data are 
included. A description is given of absorbers and compressors as well as 
diagrams of installation together with technical data on operation. The 
thermodynamies of carbon dioxide as used in refrigerating equipment is 
diseussed. Economies of CO, refrigeration are pointed out. Line draw- 
ings for quantity production of low temperature liquid CO, are given. The 
terms enthalpy and enthropy are discussed. Absorbers and absorbents in 
production of CO, are described and evaluated. L.C.T. 


155. The Karlsruhe Cryogenic Institute. J. S. Gooseman. Ice and 
Refrig. 91, 5, p. 394, Nov., 1936. 

The report reviews the work of the above Institute for the past ten years, 
and points out that its activities are divided into :— 

1. Physiological, chemical research. 

2. Refrigerating machinery and equipment. 

3. Application of low temperature. 

4. Problems of the refrigerating industry. 

Separate reports of the Institute have been issued during the past ten 


years. A complete report covering 153 large size pages is now available. 
L.C.T. 
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JOURNAL OF DAIRY SCIENCE 


AMERICAN DAIRY SCIENCE ASSOCIATION 


INCORPORATED IN THE DISTRICT OF COLUMBIA 


Officers 
President GRAVES, Washington, D. C. 
Vice-President W, GREGORY, LaFayette, Ind. 
Secretary-Treasurer R. B. StottTz, Columbus, Ohio 
Director Hoop, Ottawa, Canada 
Director WEAVER, Stillwater, Oklahoma 
Director MORTENSEN, Ames, Iowa 
Director ........ uuumunnnnuannts A, NELSON, Bozeman, Montana 
Oe Ry GEARHART, State College, Pa. 
Director ................. H. P. Davis, Lincoln, Nebraska 
Direcior .. A, RUEHE, Urbana, Illinois 


Officers of Sections 
Section No. 1—Dairy Production 


Chairman .............. F. W. ATKESON, Manhattan, Kansas 
MAN We Kraus, Wooster, Ohio 
Section No. 2—Dairy Manufacturers 
Chairman P. H. Tracy, Urbana, Illinois 
Section No. 3—Extension 

Chairman C. L. BLackMAN, Columbus, Ohio 
Vice-Chairman. ............... Earu N. Scuuurz, Ames, Iowa 
Secretary S. J. BROWNELL, Ithaca, N. Y. 

Officers of Divisions 
Southern A. H. KunLMAN, Chairman, Stillwater, Okla. 

T. B. Harrison, Knoxville, Tenn. 
Eastern A. R. MERRILL, Chairman, Storrs, Conn. 


H. G. Linpquist, Vice-Chairman, Amherst, Mass. 

F. J. Doan, Secretary-Treasurer, State College, Pa. 
Western O. J. Hii, Chairman, Pullman, Wash. 

D. L. Fourt, Secretary, Moscow, Idaho. 


The Ar.erican Dairy Science Association was organized to advance the general wel- 
fare of the dairy industry, especially by the improvement of dairy instruction by the 
stimulation of scientific research in all phases of the subject and by improvement in 
methods of conducting extension work. 

Membership shall consist of two kinds: (1) active, (2) associate. 

The qualifications for membership in the two classes are as follows: (a) Any person 
is eligible to active membership who is formally announced by an Agricultural College, or 
Experiment Station, or by the Bureau of Dairying of the United States Department of 
Agriculture as an instructor, extension worker, investigator, or administrative officer con- 
nected with the dairy industry, or (b) anyone filling a position of responsibility connected 
with the dairy industry and who has had a college or University training in technical 
science, or anyone filling a responsible position in the industry of a professional character 
requiring a technical knowledge of dairying of a high order. 

Any person is eligible to associate membership who is regularly enrolled in a col- 
legiate course in a college of Agriculture and who is specializing in dairying. Associate 
membership it attained by election to membership in a local chapter of The American 
Dairy Science Association. 

The dues are $5.00 a year for active membership. Correspondence regarding member- 
ship and dues should be addressed to R. B. Stoltz, Ohio State University, Columbus, Ohio. 
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HANSENS 


Dairy Preparations 


Cheese Rennet and Color 
Annatto Butter Color 
Certified Butter Color 

Ice Cream Color 
Lactic Ferment Culture 
Bulgarian Culture 


Cheese Bandages, Circles 
Press Cloths 
Odorless Dairy Fly Spray 
Testing Solutions 
Rennet Tests 


Chr. Hansen’s Laboratory, Inc. 
Milwaukee, Wisconsin 


JOURNAL OF DAIRY SCIENCE 


ENUMERATION OF 


COLON BACILLI 


B-B-L DESOXYCHOLATE 
AGAR 
B-B-L DESOXYCHOLATE- 
LACTOSE AGAR 


For the enumeration of colon bacilli in 
milk and water the above media are 
recommended. The growth of Gram 
positive bacteria is inhibited and the colon 
colonies have a distinctive red color. Ex- 
cept for peptone only pure chemicals are 
used in these media thus rendering them 
exceptionally uniform and reliable. 


Desoxycholate Agar has been adopted 
as Standard Medium for the enumeration 
of colon bacilli in Certified Milk. 


Literature and prices sent on request 


BALTIMORE 
BIOLOGICAL LABORATORY 
432 N. Calvert St. Baltimore, Md. 


Printers of 


THE SCIENCE PRESS PRINTING COMPANY 


Scientific and Educational Journals, 
Monograph and Books » » » 


LIME AND GREEN STREETS 
LANCASTER, PA. 


TWO STAGE 


HOMOGENIZER | 


7 Charlton Street U.S. A. 


The most Sanitary Homogenizer available, mechanically 
dependable and unusually efficient. The two stage valve of 
course for controlled Viscosity and greater uniformity. 


The Manton-Gaulin Manufacturing Co. 
Incorporated 
EVERETT, MASS. 


Your advertisement is being read in every State and in 25 Foreign Countries 
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THE COMPOUNDING OF 
FINE VANILLA FLAVORING 


IS AN 
ART 


The leadership of Mixe- 
van for quality is the 
result of over 30 years 
specialized experience. 
Its uniform character 


MICHAELS 
AMERICA'S FLAVORS 


is achieved through ex- MADE ‘FROM 
pert knowledge, indi- MEXICAN: VANILLA: 
vidual selection of AND: SUGRE 
beans, extra develop- ; 2 
ment of the bouquet, WILL GIVE A MELLOW 
intricate compounding THAT WIL NOT FREESE 


and special grinding 
technique . . . It is the 
ultimate in fine flavor- 
ing for dairy products. 


DAVID MICHAEL 
VANILLA PRODUCES: 


FRONT AND MASTER S12 
PHILADELPHIA 


JOURNAL OF DAIRY SCIENCE 


Official Organ of 
American Dairy Science Association 
Agents in Foreign Countries 


For Argentina and Uruguay: Beutelspacher y For Denmark: H. Hagerup’s Boghandel, Goth- 
Cia, Sarmiento 815, Buenos Aires. ersgade 30, Kjébenhavn. 

For Australia: Angus & Robertson, Limited, For France: Emile Bougault, 48 Rue des 
89-95 Castlereagh Street, Sydney; Stirling Ecoles, Paris. 


& Co., 317 Collins Street, Melbourne. For Germany : B. Westermann Co., Inc., Kraus- 
For Belgium: Henri Lamertin, 58 Rue Couden- enstrasse 38, Berlin NW 19, Germany. 
berg, Bruxelles. For Holland: Scheltema & Holkema, Rokin 


For the British Empire, except Australia and 74-76, Amsterdam. 
Canada: Bailliére, Tindall & Cox, 8 Hen- For Japan and Korea: Maruzen Company, Ltd. 
rietta St., Covent Garden, W. C. 2, London. (Maruzen-Kabushiki-Kaisha), 11 to 16 
For Canada: Wm. Dawson & Son, Ltd., 87 Nibonbashi Tori-Sanchome, Tokyo; Fuku- 


Queen Street East, Toronto. oka, Osaka, Kyoto, and Sendai, 
For China: Commercial Press Ltd., Paoshan for Spain: Ruiz Hermanos, Plaza de Santa 
Road, Shanghai, China. Ana, 13, Madrid. 


Subscription price is $6.50 per vollume, postpaid, except in Canada and 
countries within the Postal Union where the price is $6.00. 


The Science Press Printing Company, 
Lancaster, Pa., U. S. A. 


Your advertisement is being read in every State and in 25 Foreign Countries 
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MODERNIZE 


Your Plant with a 


WESTFALIA 


No Foam Separator 


No Foam on Skim or Cream 
even with elevation of both 


Large Sludge Room, there- 
fore Long Runs without 
Shut-down 


Higher Skimming Efficiency 

Lower Cost of Operation 

Greater Simplicity of Con- 

struction 
Ask for Catalog. 
We also carry a full line of 


No Foam Clarifiers and 
Standard Separators. Model MDD 


WESTFALIA SEPARATOR CO., INC. 
30 Orange St. Since 1890 Bloomfield, N. J. 


NOTICE 


The American Dairy 
Science Association will 
pay $5.00 for Volume 
XVII 1934 of The Jour- 
NAL OF Dairy SCIENCE or 
50c a copy for any issue 
of Volume XVII except 
Nos. 4 and 9, if sent in to: 


The 
Science Press Printing 
Company 
Lancaster, Penna. 


- KILLS - 
BACTERIA 
INSTANTLY 


DIVERS OL 
ERILIZER NO 2 


t 


PERCENT BACTERIA DESTROYED 
PERI 


30 
TIME IN SECONDS 


Diversol’s instant germicidal action is 
further aided by its remarkable pene- 
trating power. Bacteria are frequently 
protected by a film of fatty, greasy 
matter that remains on equipment even 
after thorough cleaning. Diversol alone, 
has the power to pierce this film and de- 
stroy bacteria. Easy to use ... dissolves 
instantly and completely .. . softens 
hardest water ...is NON-CORROSIVE. 


Send for interest- 


ing Bulletin .... . 
“Charting a Course to 
More Efficient Steriliza- 
tion.” 


THE DIVERSEY 
CORPORATION 
58 W. Jackson Blvd., 
CHICAGO, ILLINOIS 


Your advertisement is being read in every State and in 25 Foreign Countries 
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You’re better off when bacteria are deader than door 
nails. Bacteria on utensils kill your chances for low- 
count milk. B-K Powder kills these bacteria. Better 
start using B-K. 

B-K kills quickly : it has 50% available chlorine to 
destroy bacteria on contact. Works instantly in hot. 
or cold water. Will not corrode when used as directed. 


B-K Powder protects your profits for 1/6 of a 
cent a gallon! 


FRE Special help on your special problems. Get FREE 
B-K Booklet, too. Send your name for your copy. 


GENERAL LABORATORIES 
Division, Pennsylvania Salt Manufacturing Co., 1003-A Widener Bidg., Philc., Pa. 


Stainless 
Steel 


All parts of this “truly sanitary” pump, 
coming in contact with milk, are stainless 
steel. Made in four sizes. Prices complete 
with totally inclosed motor $50.00 to $150.00. 


R. G. WRIGHT CO. 
98 East Eagle — 
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It's Spreading! 


A Suggestion to These to 
quality many years in your own plants, when supplied to 
“ patrons, promote the prosperity of your theirs. 


Wyandotte Wvrandstte Steri-Chior 


Cleaner and Cleanser The powerful, safe and convenient steri- 
Unsurpassed for cleaning utensils, lizing agent. Makes clear solution in 
arators, milking machines, cans a I for Keeps indefiniteiy 
home use. Fifty 5 Ib. cloth sacks to the 5 { gine Convenient packages 
barrel. from 5 Lb. upward. 


There is a Wyandotte Dealer—and a Service Representative in your vicinity. 


The J. B. FORD COMPANY 
Wyandotte, Michigan 


Ingredients for the Standard Nutrient Agar 


This group of ingredients for culture media is recommended expressly for the preparation of 
the standard nutrient agar for routine plate counts of miJk. When employed in accordance with 
the formula of ‘‘ Standard. Methods of Milk Analysis’’ of the American Public Health Associa- 
tion, no adjustment of the reaction or filtration of the solution is necessary. 


Bacto-Beef Extract 

Bacto-Beef Extract is readily and completely soluble in a 0.3 per cent. concentration. It is 

sparklingly clear and has a reaction of pH 6.6 in solution. 
Bacto-Peptone 

Bacto-Peptone is standardized to yielda reaction of pH 7.0 in a one per cent. concentration. 

Solutions of this product are brilliantly clear. 
Bacto-Agar 

Bacto-Agar is a purified form of agar, free from extraneous matter and in conveniens 

granular form. 


Specify “Difco” 
THE TRADE NAME OF THE PIONEERS 
In the Research and Development of Bacto-Peptone and Dehydrated Culture Media 


Dirco LABORATORIES 


INCORPORATED 
DETROIT, MICHIGAN 
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